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Response to Comments

The Response to Comments is divided into two sections: the Draft Final Response to
Comments and the Draft Response to Comments.

The Draft Final Response to Comments (pages RC-I through RC-3) includes responses
to comments generated by the Draft report that were not complete or that were still
undecided at the time the Draft Final report was prepared.

The Draft Response to Comments (pages RC-5 through RC-39) includes responses to
comments that were complete and included :n the Draft Final report.

Attachmer.ts RC-1. RC-2, and RC-3 follow the Draft Final Response to Comments.
Attachment RC-1 includes the Time versus Concentration plots. Attachment RC-2
includes the vertical gradients, and Attachment RC-3 includes letters stating the
comments have been adequately addressed.
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RESPONSE TO COMMENTS CM HI!I

SUBJECT: Draft Final Remedial Investigation/
Feasibility Study
Davis Global Communications Site
McClellan Air Force Base

PROJECT: SWE28722.55.19

DATE: February 23, 1994

Mark Malinowski
Department of Substances Control

Volume I of III

General Comments

1. The report is well written and organized. The groundwater mass and volumes
should be updated to include the most recent groundwater sampling data.

Response:

The April and July 1993 groundwater sampling data have been included in
Appendix U as Tables U-4 and U-5, respectively.

4. The monitor well Concentration versus Time plots should use a log scale along
the concentration axis. The log scale provides better resolution at low concen-
trations.

Response:

The monitoring well Concentration versus Time plots provided in Volume I of
the RI/FS report were not changed; however, log plots of Concentration versus
Time for all wells are included in Attachment RC-I to this Response to
Comments.

Volume I1 of III

Specific Comments

6. Page E-I. Provide concentration plots for all wells. Use the same scale (log)
for all the wells. Provide tables, like J-1, for all the sampling episodes. Include
groundwater elevations and detection limits.

R1otI00133.W? RC-I



Response:

Concentration versus Time plots using a log scale for concentration are provided
in Attachment RC- 1 to this Response to Comments. A table was not created
for each sampling episode, however, this information is available in Appendix U.

Mark D. Vest, R.G.
Associate Engineering Geologist

Base Closure Branch
Department of Toxic Substances Control

General Comments

3. Tabular summaries of analytical data should be provided to support the illus.
trated distribution of contamination.

Response:

Concentration versus Time plots using a log scale for concentration are provided
in Attachment RC-1 to this Response to Comments. A ,able was not created
for each sampling episode: however, this information is available in Appendix U.

Chapter 2, Field Investigation Activities

B3. Page 2-8, Table 2-2, Well Construction Data.

Recommendations:

a. An amended version of the table should be prwided as part of Appendix
S, Well Construction Data. In addition to the information provided on
Table 2-2, the amended table should include well location, borehole dia-
meter, total depth, drilling method, filter pack size gradation and inter-
val, and surface completion type.

b. MWD-2 should be listed with the C Aquifer wel A foot note should be
provided to explain the MWD label. Alterasdvely, MWD-2 could be
renamed MWC-2 with a foot note reminding readers of the former label.

1D0 lO933. WS RC-2



Response:

a. The amended table is included as an addendum to Appendix S in the
Draft Final report and will be included at the beginning of Appendix S in
the Final report.

b. MWD-2 is included in the list of C Aquifer wells in Table 2-2 and S-1
',ith the following note:

MWD-2 is screened within the C Aquifer. In future CH2M HILL
documents, this well will be referred to as MWC-2.

18. Pages 3.10 to 3-15 provide an effective discussion and presentation of ground
water elevations, gradients and fluctuations that occurred between July 1992
and July 1993.

Recommendations:

a. The discussion and graphics should be amended to evaluate available
historic elevation and gradient data for consistency with the trends
clearly identified in the Report.

b. In addition to the MW3 well cluster, vertical gradients should be calcu.
lated for well clusters across the site.

Response:

Vertical gradients for well clusters are included in Attachment 2 to this
Response to Comments. The following text was added to Chapter 3 to address
horizontal gradieats:

'The horizontal gradients measured in the B, C, and D aquifers between
July 1992 and July 1993 are generally consistent with those measured
during 1990 and 1991. Groundwater flow directions within each aquifer
varied according to the season. During 1991, groundwater levels within
the B and C aquifers were nearly the same. Groundwater flowed to the
west-southwest during the winter and to the south during the spring and
summer. D aquifer groundwater flowed to the west during the winter
and to the east-southeast during the summer."
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STAll Of e~00V4,A .. t4VN 0CNWMN4tAL P OTICTION AGENCY' PETE WiL.ON. Ge.,

DEPARTMENT OF TOXIC SUBSTANCES CONTROL

MOdt atOOON WAY, SUIT1 S"RAMEA•NM', CA 9IPMV-106

(916) 255-3S45
February 14, 1994

Ms. Doris Bajka
sM-ALO/DWM
5050 Dudley Boulevard, suite 3
MaClellai Air force Bass, California 95652-1369

APPROVAL OF TRZ DRArT FINAL REMEDIAL ISTIGATION/FYASIBZLZTY
STUDY (R1/FS) REPORT FOR THE DAVIS GLO4BAL COM14UNZCATIONS SITE

Dear me. Bajka:

The Department of Toxic substances Control and the
California Raqional Water Quality Control Board, Centxal Valley
Region (Agencies) have reviewed the response to the Aqencies"
comments on the Draft RI/FS report, which were contained in the
Draft Final RI/FS Report, dated January 7,, 1994.

The responses adequately address the Agencies' comments and
we approve the ýR/FS report.

If you have any questions or comments regarding this matter,
please contact: Mr. Mark Halinowski at (916) 255-3717.

Sincerely,

71-
Eric no 9, P.E.
Chief {
Federal 'Becilities Unit
office of Military Facilities

cat Mr. Alex Nac¢onald
Regional water Quality Control Board
Cent--al Valley Region
3443 Routie.r Road, Suits A
Sacramento, California 95827-3094

Mr. Tom To
Director of znvironmental Health
Yole County Invironmental Realth Services
10 Cottonwood Street
Woodland, California 95695 .ov. __ .. trmwf"mo" M

Sgg! ub.id..t....f_.



STATE OF CALIFORNIA Envfronuen'.l Protection Agaenov PETE WILSON, Governor

CALIFORNIA REGIONAL WATER QUAUTV CONTROL BOARD
CENTRAL VALLEY REGION
8443 Floud"r Food, Suire A
Sacramento. CA 95827-3098
PHONE: 19161 255-3000
FAX: (916) 295-016

3 February 1994

Mr. Mark Malinowskl
Department of Toxic Substances Control
Region 1
10151 Croydon Way, Suite 3
Sacramento, CA 95827-2106

DRAFT FINAL RK&I1 AL4L INVESTIGA TION/FFASIBILI7T SMTDY E RI, DAVIS
GLOBAL COMMUNICATIONS SITE, MC CLEUAN ALR FOMET BASE

Regional Board staff have reviewed the subject report and have desumined that our comments on
the draft version of the report have been adequately. addressed. We presented some additional minor
comments at the Interim Remedial Investigation scoping meeting held on 1 February 1994. We are
not concerned whether or not the comments are incorporated into d final version of the report as
incorporation would not change the findings of the report, only.mai it somewhat more accurate. .
Thus, we have no more formal comments.

If you have any questions regarding this matter, please call me at (916) 255-3025.

Project Engineer

AMM

co: Ms. Doris Bajka, Environmental Management, McClellan Air Fore Base



RESPONSE TO COMMENTS CM HILL

SUBJECT: Draft Remedial Investigation/
Feasibility Study
Davis Global Communications Site
McClellan Air Force Base

PROJECT: SWE28722.55.19

DATE: January 10, 1994

Comments on the November 1. 1993, Draft Remedial Investigation/Feasibility Study
Report for the Davis Global Communications Site were received from the following
reviewers:

* Martin Keck, Environmental Counsel, SM-ALC/JAV

Alexander MacDonald, Project Engineer, California Region.l Water
Quality Control Board

Mark Malinowski, Associate Engineering Geologist, Site Mitigation
Branch, Department of Toxic Substances Control

Mark D. Vest, R.G.. Associate Engineering Geologist, Base Closure
Branch, Department of Toxic Substances Control

These reviewers' comments are presented in this section along with responses to the
comments. Where necessary, modifications to the report have been made. Copies of
the original comments received follow this Kesponse to Comments section.

Martin Keck

2. My principal concern with this exhaustive and well-written report is that it fails
to reflect the unique position of the Air Force as the lead agency in our
cleanup. I believe the authors have used a plug-in approach for many of these
chapters, utilizing discussions from other, previously written products. This is
not inappropriate, and I have no objection to it. It is apparent, however, that
EPA was usually the lead agency for these earlier efforts, and thu discussions
when applied to our cleanup need to be fine-tuned. I will illustrate several
examples.

RDO1001317tDWP RC-5



a. Volume I, Executive Summary, p viii, 24 full paragraph: The remedial
action will be selected by McClellan. and must meet approval b) EPA,
DTSC, and RWQCB.

Response:

The text has been revised as follows:

"The remedial action will be selected by McClellan AFB and must meet
approval by Cal/EPA."

b. Volume II, Appendix G, p G-1, 1st full paragraph under "Description of
ARARS": Final determination of ARARS is made by AF, not EPA.

Response:.

This paragraph has been changed to reflect that the final determination of
ARARs will be made by the California E'ivronmental Protection Agency
(Cal/EPA). This change can be found on page G-1.

c. In tne very next paragraph, it states that 'EPA may use..." It should read
"the Air Force may use..."

Response:

This sentence has been changed to reflect that Cai/EPA may use guidance
advisories as matters "to be considered." This change is presented on page G- 1.

d. At p G-2, 2d paragraph: The second seutetce states that ARARS must
be timely identified to EPA. It should read that they must be identified
to the Air Force.

Response:

The phrase "to EPA" has been deleted from this sentence as shown on
page G-2.

My review may not have found all the iamteces where the authors have
unthinkingly operated from the assumption that EPA is the lead agency. We
should be careful to correct any such instanes.

3. Volume 1, p 7.3, Table 7-1: For the Containnuct methyl isobutyl ketone, the 3d
column fails to list a potential remedial appiuct, which I assume should be
ground water extraction.

RODIO0I3I'D.WPS RC-6



Response:

Groundwater extraction was added to the third column of Table 7-1.

4. Volume II, Appendix G, p G-11, 2d full paragrRph: This discussion refers to a
permit issued to our ground water treatment plant. It should note that the
permit was not renewed due to our CERCIA permit exemption for on-site
activities. Thus, while the permit itself is not an ARAR, the effluent levels
referred to in the inactive permit may reflect substantive requirements with
which the Air Force must comply.

Response:

The paragraph has been changed to reflect that the NPDES permit limits are
examples of the limits that may be placed on a similar treatment plant discharge
at the Davis Site. The changes can be found on page G-11.

5. Appendix G, p G-16, Table G-4, Item 16: The cite to 20 CFR 1910.120 should
instead be 29 CFR 1910.120.

Response:

The citation has been changed to 29 CFR.

6. Appendix G, p G-25, top 2 paragraphs: I do not recognize the citations that
begin with "R 18.8": I believe the correct citations are to 40 CFR.

Response:

The citation has been changed to 40 CFR.

7. Volume II, Appendix K, p K-I1 (Table K-l), middle column, bottom tier:. It
states here that "all necessary permits should also be obtainable." No permits
would be required for this on site bioventing, and this reference should be
removed.

Response:

The sentence has been changed to read "In addition, the substantive portions of
any permitting requirements can be met." This change can be found in
Table K-1.
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Alex MacDonald
California Regional Water Quality Control Board

Volume I

1. Target Area for C A iuifer. Figure 4-la shows the target area for ground water
remediation based on data collected from monitar wells prior to March 1993.
The additional ground water sampling and analysis on samples collected since
that time shows the target zone should be expanded farther to the south.
Monitor well PCC-21 which is depicted as the outer boundary of the target area
was found to have 132 ;g/l TCE. Using this data, the target zone for the C
aquifer would be expanded significantly and the calculated mass estimate will
be much greater. The mass calculations and the target zones should be
reevaluated.

The new ground water data was used to determine if the proposed extraction
rates and zones of capture would be sufficient to capture the extent of contami-
nation. To do this, the new target zone would have so been developed. This new
zone should be presented in the draft final versiom of the report.

Response:

New target volumes were developed on the basis of contaminant data through
July 1993. The mass estimates for each zone were revised accordingly.

2. The Target Area for the D Aquifer. The comuut for the C Aquifer Target
Area applies in general to that depicted for the D Aquifer on Figure 4.lb. The
ground water concentration isocontours should be reconfigured after adding the
data from the ground sample collected from the D zone during the drilling of
MWE-21. This data will yield a greater volume and mass of contaminants than
that calculated for the report.

Response:

See response to Comment 1.

3. Vadose Zone rarget Area. Though staff agrees gimmuil with the defined target
zone, we believe that the data presented in :.he crs-sectionts depicts the possi-
bility of a greater target volume at depth than thu shown on Figure 4-2a. The
shallow soil gas sampling is likely not suffncieW to define the extent of soil gas
contamination at depth. As part of the last phase of Remedial Investigation
field work, some borings and associated soil go rumpling should be included.
These borings could be converted to soil gas -_ua -trac--- wells as neces-
sary. If they are converted to monitor wells heq will be osefM in determining
the zone of capture of the soil gas extraction s This point was discussed
in your office during the last several weeks.
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Response:

Table 7-2 was revised to include deep soil gas sampling as an additional investi-
gation.

4. Section 4.2.2, Mass of Contamination. The mass of contamination in the
ground water should be calculated using all the available data. See
Comments I and 2, above.

Response:

See response to Comment 1.

S. Figure 4-6a. The inert figure should also show the lines for TCE and
t-1,2-DCE.

Response:

The figures have been revised to show TCE and 1,2-DCE.

6. Figure 4.16. Similar to the other cross-sections, the vadose zone contamination
should be depicted if sufficient data is available completed monitor wells? The
results from these wells, sampled in July 1993, should be added to the report.

Response:

The figures have been revised to show July 1993 contamination.

7. Page 6.6, first paragraph. It is stated that there should be no need to install
additional wells for monitoring purposes. As stated above, staff is not of the
opinion that the extent of deeper contamination in the soil gas has been deter-
mined. In addition, there may need to be additional monitor wells to determine
the effective radius of capture of the extraction system.

Response:

Additional monitoring points may need to be installed for the zone of seasonal
water table fluctuation, located 40 to 70 feet bgs. Costs for installing additional
wells are not included in the estimates presented in Section 6.3.7.

8. Figure 6-S. The extraction wells for the D Aquifer should be moved as dis-
cussed during our recent teleconference.
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Response:

The figure has been changed to show actual locations of the new D aquifer
wells.

9. Table 7-1. It is listed in this table that the semivolatile organic contaminants
will be potentially remediated at the site by bioventing. Has this method been
shown effective on the semivolatile contaminants?

Response:

Soil bioventing may or may not be suitable for any of the specified semivolatile
compounds. Numerous site-specific factors (such as presence of sufficient
populations of degraders; correct soil physical conditions such as water content.
permeability, soil particle sizes; presence of metabolic inhibitors such as high
concentrations of heavy metals; concentration of target contaminants; presence
of alternative substrates) should be investigated before commencing soil bio-
venting.

However, all of the specified semivolatile compounds have been shown to be
degradable under aerobic conditions. This implies that soil bioventing has the
potential to be effective for these compounds.

10. Chapter 7, Conclusions. Conclusions should be revised based on the above

comments.

Response:

The conclusions have been revised to incorporate the new numbers for contami-
nant mass.

Volume II

1. Appendix F. Data from the newly installed ground water monitor wells should
be included in this appendix to show ground water contaminant contours and
development of mass estimates. The latest data may alter the presented values
to some extent.

Response:

Data from the new wells were incorporated into the mass estimates, and the
new values are presented in Appendix F.
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2. Appendix F, figure F(a)-. With the presented data for concentrations in the
C Aquifer, the C Aquifer target area appears to extend to far to the northwest.
The same thing can be said for the D Aquifer target volume as delineated in
Figure F(a)-2.

Response:

New target areas (volumes) are presented in the figures.

3. Appendix F, page F-23. It is stated that in the conclusions that the extent of
contamination in the vadose zone is based on the results of the shallow soil gas
survey. Those results may not be indicative of the contamination at depth. The
target area needs further definition with deeper soil gas sampling.

Response:

See response to Comment 3, Volume I.

4. Appendix F. Pages F-22 through F-24 are repeated as F.26 through F.28.

Response:

The text has been revised to reflect the correct order.

S. Appendix F, page F-29. It is stated that the organic fraction value used in the
analyses was based on sample results and is considered a fair representation of
the site values. Only one sample was analyzed for organic carbon content. It
may or may not be representative of the site, but is better than using a book
value.

Response:

The text has been revised to read as follows:

"The f, value was based on the average of four samples collected during
the installation of soil vapor monitoring wells."

6. Appendix G, page G-1O, sixth paragraph. The Basin Plan for the Central Valley
Region establishes the beneficial uses of specific water bodies within our
region. The In/and Surface Waters PMan establishes water quality objectives for
receiving waters to protect aquatic life and sources of drinking water from
various pollutants.

Response:

This paragraph has been changed to reflect that the Basin Plan establishes the
beneficial uses of water bodies within the region, and the Inland Surface Waters
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Plan establishes water quality objectives for receiving waters. These changes are
presented on page G-10.

7. Appendix G, paragraph 2. The permit for the discharge from the Ground
Water Treatment Plant at McClellan AFB is not an ARAR for the Davis
Transmitter Site. It is, however, an example of the limitations that might be
placed on a similar discharge from the a Davis site ground water extraction and
treatment discharge. The regulations used to develop the McClellan AFB per-
mit would be the same as those that would be applied to the Davis site.

Response:

This paragraph has been changed to reflect that the NPDES permit limits are
examples of the limits that may be placed on a similar treatment plant discharge
at the Davis Site. The changes are presented on page G-11.

8. Table G-6. This table of ARARs should include the California Water Code for
discharge of wastewater effluent from the treatment plant. Cleanup values for
the vadose zone and ground water must comply with SWRCB Resolution 68-16
as an ARAR, with Resolution 92-49 as a TBC. Chapter 15 does not apply to
the discharge from the treatment plant to a surface water.

Response:

The California Water Code citation remains unchanged; however, the sentence
preceding it has been changed to specify that the code applies to the discharge
of wastewater effluent from a treatment plant. SWR.CB Resolution 68-16 and
Title 23, Division 3, Chapter 15 have been added as ARARs to the "Vadose
Zone and Groundwater Treatment" row. Resolution 92-49 has also been added
to this row as a TBC. Title 233, Division 3, Chapter 15 has been deleted from
the "Discharge of Wastewater Effluent from Treatment System" row. These
changes are presented in Table G-6, page G-24.

9. Appendix G, page G.30, first paragraph. Cleanup of soils and ground water to
background concentrations, unless proven tedmically and economically
infeasible, is required in Resolution 68.16 and Tle 3, Division 3, Chapter 15.

Response:

This paragraph has been changed to reflect that Title 23, Division 3, Chapter 15
also contains the requirement to clean up soids and groundwater to background
concentrations unless proven to be technically and economically infeasible.

10. Appendix J, Figure J-19. The first decision dtummi on the right side of the
flow diagram does not have a "Yes" path assoclad with it. Two other decision
diamonds have two arrows leading frn them bt a*ly the "no" path is
delineated.

RDDOIOS317D.WT) RC- 12



The first box on the right side states that the extraction wells should be each
sample and composited. Why not just sample the influent to the treatment
system to determine mass loading to the treatment system. A certain frequency
of sampling the individual extraction wells for separate analysis should also be
postulated.

Response:

The figure and associated text have been revised to respond to the comment.

11. Appendix M, Costs for treatment options. The section was improved over the
working copy. Some minor changes are still needed as follows:

a. Labor costs for GAC are twice as high as those for the other treatment
options even with the same number of hours.

b. Why is the cost of additional labor more for TV1 GAC than for TV2 even
though the same number of hours are required?

c. Why are there twice as many samples for TV2 as TVI?

d. Table M(a)-7. The O&M costs listed for GAC TV2 appear to be in
error.

Response:

a. The labor cost for the GAC was miscalculated and corrected. A similar
error was found for UV Oxidation. The changes are presented in
Attachment M(a)-2 and Tables M(a)-5 and M(a)-6.

b. The additional labor for TV1 and TV2 should have been the same and
was corrected. The changes are presented in Attachment M(a)-2 and in
Tables M(a)-5 and M(a)-6.

C. The number of samples increased for TV2 because an additional unit was
needed to treat the increase in the amount of flow. This is discussed on
page M-8 under Operation and Maintenance Costs, the third bulleted
item-Analytical.

d. The O&M cost of GAC TV2 in Table M(a)-7 was an error and has been
corrected.
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Mark Malinowski
Department of Toxic Substances Control

Volume I of III

General Comments

1. The report is well written and organized. The groundwater mass and volumes
should be updated to include the most recent grouadwater sampling data.

Response:

The groundwater mass and volumes were changed to include the July 1993
sampling results. Electronic groundwater sampling data from the April and July
1993 sampling events are pending. It is expected that these data will be
incorporated into the database for the Davis Site and included in Appendix U
for the Final copy of the report. However, groundwater quality data through
July 1993 were incorporated into the site cross sections, target volumes, and
hydrogeologic interpretation.

2. Given the screen interval, monitoring well MWD.2 should be re-labeled as

MWC-2.

Response-

It will be noted that MWD-2 is actually a C aquder well; however, the actual
well name will remain the same.

3. When metric weights (kg) are provided, also inclue the U.S. customary weights

(pounds or ounces).

Response:

The equivalent weights in pounds have been added to metric weights in
kilograms.

4. The monitor well Concentration versus Time plaft sould use a log scale along
the concentration axis. The log scale provides better resolution at low
concentrations.

Response:

The monitoring well time versus concentration piors will be changed so the
concentration axis will be a log scale. Plots of cmentration versus time for all
wells will be supplied after issuance of the Draf Final report and -efore the
issuance of the Final report.
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Specific Comments

1. Page iii, paragraph 4. Specify the vadose zone "objectives."

Response:

The text was revised to read as follows:

"Objectives for the R!/FS were divided into vadose zone and groundwater
actions. The vadose zone objectives included determining the extent of
soil gas contamination, identifying areas of VOC contamination.
identifying areas where soil vapor monitoring wells should be installed,
and providing contaminant data that could be used in human health or
ecological risk assessment activities."

2. Page viii, Conclusions. The Executive Summary Conclusions should
summarize the short narratives presented in Chapter 7 (e.g., vadose zone
contamination will continue to contaminate groundwater if action is not taken.
VOC contamination continues to spread downward and outward. SVE would
reduce VOC mass in the vadose zone adequately and prevent continued
contamiuation of the groundwater. Groundwater containment systems would
inhibit off-site migration of groundwater.)

Response:

The text was revised to read as follow:

A full list of conclusions generated during the site evaluation are presented in
Chapter 7, along with recommendations for additional work. The list of COCs
and potential remedial actions for each COC is tabulated in Chapter 7.

The following is a synopsis of the conclusions:

If left unchecked, vadose zone contamination will continue to
degrade groundwater quality for several hundred years.

Steep downward vertical gradients and increased horizontal
gradients that exist beneath the site during the late spring and
summer promote contaminant movement from shallow, more
contaminated zones to deeper, less contaminated, more
transmissive aquifers. This results in larger target volumes for
groundwater remediation, especially in the C, D, and E zones,
which translates into higher costs for the eventual remedial action.

Implementation of soil vapor extraction within the vadose zone
would reduce or remove the threat of contaminant loading to the
groundwater.
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Groundwater extraction and treatment would inhibit offsite
movement of groundwater contamination and serve to remediate
subsurface contamination to levels accepted by the California
Environmental Protection Agency.

3. Page xvii, Glossary of Terms. Please define the following: anaerobic
dehalogenation - halogen, biotransformation - chlorinated alaphatic.

Response:

The comment is understood to request the following:

Define the term halogen used within the definition of anaerobic dehalogenation
and define the terms chlorinated aliphatic within the definition of
biotransformation.

The term halogen has been defined in Lhe Glossary of Terms. The -terms
"chlorinated aliphatic" have been removed from the definition of
biotransformation.

4. Page 1-4, 1.2, paragraph 3. The reference to Figure 1-3 as a "timeline for
remedial investigative activities" is not accurate. Figure 1-3 indicates only the
contractors who worked on the site, not the work performed. Is Figure 13
missing verbiage on the right hand side that would indicate the contractor's
efforts? (e.g., Kleinfelder - UST investigation., ITC - RI work - determine
extent of groundwater contamination, Radian . quarterly groundwater
sampling., etc.) Radian did perform some groundwater sampling in 1988.

Response:

The text and title of Figure 1-3 have been revised to read 'Time-Line of RI
Contractors at the Davis Site." The reader is directed to Figure 2-1 for a
description of the work performed.

Our review of IRIPMS data and previous reports indicates that no groundwater
sampling was performed by Radian in 1988. However, groundwater sampling
was performed by ITC. This sampling is added to Figure 2-1. Results were
included in Appendix U of the Working Copy.

5. Page 1-4, Section 1.3.1. Include the maim objective of the RI; gather enough
information to be able to conduct a feasibility study, perform a remedial design
and implement a clean-up action.
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Response:

The text was revised to read as follows:

The principle objective of the RI is to compile sufficient data to perform
a feasibility study, develop a remedial design, and implement a remedial
action. This objective is divided into specific vadose zone and
groundwater objectives.

6. Page 4-3, Section 4.2. The contaminant mass estimates and target volumes
should be revised based on the most recent sampling results.

Response:

Contaminant mass estimates and target volumes were revised to include the July
1993 sampling results.

7. Page 4-3- Section 4.2.1. Selection of Target areas should include estimated
groundwater target volumes (total gallons) for each zone. Groundwater
volumes for non-detect, MCL and 10' risk boundaries should be presented
(Table format would probably be best.)

Response:

Target areas have been changed to unit target volumes for each zone. The new
groundwater target volumes for nondetect and MCL boundaries are presented
below. Risk target volumes will not be presented based on consensus
established at the June 30, 1993 meeting.

Tund Are" ma U.It TVpGt Velma

Tap Am TM An* Unit Tar MCL Unit
(fz"/MCL Tyearo Vohs Target

Zen* Talet Ar ea r.,aiy (g.L) volume

Vadole Zone 131.200/NA 40 0.40 2.100,000 a NA

A-B Aquitaud 453,000a115.000 ZS 0.45 39100,000 Is,000,000

B Aquifer 453,0001215,000 30 0.40 40,700.000 19,300,000

B-C Aquita!! 649,350/150,000 20 0.45 43,700.000 10,000,000

C Aquifer 649.350/150,000 30 0.39 56,800.000 13,100,MO0

C-D Aquitard 969000/425.000 20 0.45 65200.000 28,600,

D Aquifer 969,000/425,000 30 0.35 76,100,000 33,400,000
D-E Aquitard 950,00010 20 045 63,900.000 0

E Aquifer 950,0000 1 30 035 74,6W0,000 0

I&ade zone uwt target volume unils of ft3 .
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8. Figure 4-6 (a-h). The Department recommends using a log scale for the
concentration plots. Plots for all the monitoring wells at the site should be
included as an appendix.

Response:

See Response to General Comrnent 4.

9. Figure 4-9. Intersection identified as G-G' should be HF-H'. Contamination
(red) should be depicted in PC-21, and extended from MWE-3 to MWE.21.
Contamination should be illustrated throughout (vertically) the aquifer that is
screened (see MWD.3). Contamination should be shown across the screened
section of MWC.3. Explain the contamination indicated between MWC-3 and
MWD.3.

Response:

The recommendations were implemented and shown in the revised Figure 4-9.
Contamination is shown throughout the screened interval in wells where
contamination has been detected. Graphically, the red contamination is
superimposed over coarse-grained layers. If the contamination is extended
vertically throughout these units, the red color would obscure the unit.
Therefore, we have left an outline of the coarse-grained unit around the
contamination.

The contamination between MWC-3 and MWD-3 has been removed from the
figure.

10. Figure 4-10. Indicate the H-H' cross section intersection. EW-IC has been ND
in 7/93 and 10/93. Contamination should not be shown in the C zone in this
cross section.

Response:

Figure 4-10 was revised as suggested.

11. Figure 4-11. Contamination should be shown in MWE-22.

Response:

Figure 4-11 was revised as suggested.
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12. Figure 4-12. Provide the sampling results for MWC-1 and MWD-1.

Response:

Figure 4-12 was revised as suggested.

13. Figure 4-13. Sampling results from 7/93 for EW-.5C and MWD-2 do not
support the contamination depicted in the C aquifer. The contamination in the
B zone should extend east, past MWB-13.

Response:

Figure 4.13 was revised as suggested.

14. Figure 4414. Provide the sampling results for MWC.4.

Response:

Figure 4-14 was revised as suggested.

15. Figure 4.16. Groundwater contamination should be depicted southwest past
EW-3C (B zone), and MWD-10 (D zone), and northeast past MW-6 (B zoce).
As previously stated, the C zone sampling data do not support the
contamination depi-ted. It appears that contamination is migrating downward,
from the B to the C, near the MW (X)-3 cluster. Include the 7/93 data for
MWE-3.

Response:

Figure 4-16 was revised as suggested. Note the projection lines.

16. Figure 4.17. Contamination should be depicted in the E zone.

Response:

Figure 4-17 has been revised to show contamination in the E zone.

17. Page 5-5, Section 5.3. The "clean-up levels" for groundwater are actually
"targets levels." This section should indicate that the FS evaluates the cost to
clean-up groundwater to background, MCIs and 10 -sk.
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Response:

See response to Specific Comment 7. The feasibility study evaluates the cost to
clean up to background levels.

18. Page 6-6, paragraph 1. Additional soil gas monitoring/extraction wells should
be considered to evaluate the subsurface zone that is saturated in the winter,
but dewatered in the summer.

Response:

Language has been added that recognizes the possible need for additional
monitoring points for the "zone of seasonal water table fluctuation."

19. Page 6-6, Section 6.2.3.2. Does the site have a natural gas line? If not, have the
additional costs to install a gas line been irtorporated into the CatOx cost
evaluation?

Response:

The Davis Site does not currently have a natural gas line. We are not aware of
any plans to install a gas line in the near future. If a gas line is not installed, a
portable propane tank will be required to supply the fuel. Using a portable
propane tank would increase the annual O&M cost of the CatOx system by
approximately $7,500. This would increase the O&M cost for offg3s treatment
presented in Table 6-9 from $28,000 to $35,500.

20. Page 6-8, Section 6.2.4. The FS should use the target volumes generated in
Chapter 4, and evaluate the cost to clean-up groundwater to background, MCLs
and 10' risk. Use of the term Target Volume for groundwater is inaccurate
since no volumes are presented.

Response:

The feasibility study used the new target volumes presented in Chapter 4. The
feasibility study also presented the cost to clean up to background levels only
based on consensus established during the June 30, 1993 meeting.

21. Page 6-9 Figure 6-5. The figure should be revised to indicate the location of the
extraction wells based on the November, 1993 teemference between CH2M
HILL, McAFB, the RWQCB and DTSC.

Response:

The new locations of the D aquifer extraction wells have been incorporated into
Figure 6-5.
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22. Page 6-11, Section 6.2.43. Include a paragraph describing the need to drill
exploratory holes to ensure reinjection is viable (technically, i.e., aquifer
capability, regulatory i.e., groundwater quality between injected water and
aquifer water.)

Response:

The following text has been added:

As a first step to drilling reinjection wells, exploratory test holes should
be drilled to define the stratigraphy and presence of coarse-grained
units. An attempt should be made to collect aquifer soil samples. The
samples should be analyzed to determine if the soil matrix is compatible
with the injection water in terms of geochemistry and aquifer clogging.
Geophysical logging of the test hole and logging of the test hole cuttings
will give an indication of the hydraulic properties of the formation.

23. Page 6&3S, Table 6-12. The Target Areas should be volumes. Estimates for
groundwater should be provided in some measure appropriate for water
(e.g. gallons or acre feet.) The Vadose Zone Target Area (Volume) should be in
cubic feet.

Response:

Reference to groundwater "target areas" has been deleted from the document.
The term "unit target volume" is now used to provide a measure of the volume
of water within the specified groundwater target volume, or the volume of air
within a vadose zone target volume. Unit target volumes in Table 6-12 are
referred to in units of gallons for groundwater, and units of cubic feet for the
vadose zone.

24. Mass Of Contamination is underestimated due to a lack of
understanding/measuring contaminant adsorption to soils.

Response:

It is acknowledged that the contaminant mass estimate may be within an order-
of-magnitude of the actual contaminant mass.

25. Page 6-39, Table 6-14. Include the costs for capturing contamination that
exceeds 10' risk.

Response:

The cost for capturing contamination that exceeds 10' risk is not included as
consensus established at the June 30, 1993 meeting.
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26. Page 7-2, Section 7.. pam.ri-atpn, Include the State of California's Non-

Degradation requirements niz -ection as a ra for taking action.

Response:

Remedial actio:: :k arrn ;ed at this site to satisfy the Regional Water Quality
Control Boar,. (RWQC- 1) nondegradation requirement for groundwater and
vadose :.-ie contaminaticn. Groundwater and vadose zone contamination needs
to be restored to background conditions.

27. Page 7-2, Section 7.5. Include additional "deep" sh gas sampling.

Response:

Table 7-2 has been changed to add deep sod gas sampling as an additional
investigation.

Volume II of III

1. Page B-2. Provide a map showing the five SVMWs and nine piezometers
locations. Specify the dates of the tests and the sast rectut rainfall event and
amount of precipitation.

Response:

The five soil vapor monitoring wells and n piezometers are shown on
Figure B-4. The dates of the tests and the most recent rainfall event are shown
in Table B-1.

2. Figure B-2. The response of the SVMWs amn pemometers are suspiciously
matched to the barometric pressure. Can ya povide any insight to the
correlation? The data for the air permeabily tests at CH-I and 5 do not
appear to correlate as closely.

Response:

On the basis of air permeability testing resukts, suface barometric pressure
fluctuation would be measureable in the subsubm, within I hour after change
on the surface. Therefore, it is expected that an rometric fluctuation would
be measured in the subsurface during testing with a lag period of at least 1 hour.

3. Page B-17, paragraph 1. Is it possible that the sicai activity (no measured
oxygen) caused the positive pressure observed i the CE-S well?
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Response:

It is unlikely that biological activity in the vicinity of CH-5 could generate the
pressures needed to record positive pressures in the piezometers at depth. It is
much more likely that infiltrating rainfall would create positive pressures in the
subsurface.

4. Page B-17. Recommendations are not supplied. Are additional SVE wells
needed? Will additional testing be needed prior to installing SVE wells? Will
the existing wells be adequate for performing SVE or should larger diameter
wells be installed? Should air permeability tests be conducted in the summer
and winter to evaluate the impact of soil moisture and level of groundwater?
Would soil moisture profiles be helpful in evaluating the air permeability
results? Will larger diameter SVE wells have any significant effect on the
radius of influence?

Response:

The text has been revised as follows:

Recommendations

Air permeability results were used as input data for modeling of airflow in the
vadose zone at the Davis Site. A discussion of the air modeling and SVE
requirements are presented in Appendix I. Refer to Appendix I for details on
the design and operation of the proposed SVE system. Using the results
generated from the air permeability testing, the following recommendations have
been formulated:

"* The five existing SVMW can be used as SVE wells during operation of
an SVE system. Flow rates up to 100 scfrn can be applied to the existing
2-inch wells.

"* At this time, no additional SVE wells are needed for an SVE system.

* If additional SVE wells are needed for soil vapor capture, the wells
should be no smaller than 4 inches in diameter.

"* Additional air permeability testing during the dry season may result in
different air permeability values because of differing antecedent moisture
conditions.

S. Page D-4, paragraph 1. Field Exploration Have owls been observed in the soil
piles? The data for samples from the northern and eastern soil piles could not
be found in Table U-1.
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Response:

The text has been revised as follows:

"These piles do not appear to have been disturbed since their placement;
however, rodent burrows have been observed in the piles."

6. Page E-I. Provide concentration plots for all vels. Use the same scale (log)
for all the wells. Provide tables, like J-1, for all the sampling episodes. Include
groundwater elevations and detection limits.

Response:

Time concentration plots will be provided for all of the wells using a log scale on
the concentration axis. The plots will be provided in or before the Final copy of
the report. Tables like J-1 will not be provided for all of the groundwater
sampling episodes as consensus established during the January 4, 1994,
teleconference with DTSC, McClellan AFB, and RWQCB.

7. Page G-I, paragraph 2. The Davis site is a State Lead site. The EPA will not
make the final determination of ARARs, as specified.

Response:

This paragraph has been changed to reflect that the final determination of
ARARs will be made by the California Environmental Protection Agency
(Cal/EPA). This char, is presented on page G-l. All other references to
"EPA" in the appendib ve been changed to "CaEPA."

8. Page I-1. If SVE is viable for the interval betum 40 feet bgs and the lowest
(summer) seasonal water table, a section should be added to discuss the
advantages and disadvantages.

Response:

SVE is not an effective solution at this time for the "zone of seasonal water
table fluctuation." A section has been added to the end of Appendix I that
describes why it is not an effective solution. Dual-phase extraction may be the
best method for removing contamination from this zone. Appendix 0 describes
dual-phase extraction iii detail.
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9. Figure J-19. AG pumping Diamond - Define a time period (i.e. 2-3 weeks).
Adjust Q Box - It may not be necessary to adjust "all" well(s). The logic for the
two "Adjust Target Area" Diamonds is not clear. What is the difference between
the McAFB adjust treatment box and the previous adjust treatment decision
diamond and why does the McAFB adjust treatment box lead into another
adjust treatment diamond? The "No" direction "clean-up criteria met?"
diamond, should flow to all three decisions, "adjust target area?", "adjust
treatment?" and "adjust monitoring frequency?". After the first quarter, how
often will influent be sampled?

Response:

The figure and text have been revised to respond to this comment.

10. Page L.4. Gas Phase Carbon Adsorption. The Department recommends
further discussion of the non-regenerative carbon DREs, as well as advantages
and disadvantages. As described on page L-14, the Department would like
McAFB to consider that the vinyl chloride (and probably methane)
concentrations will drop rapidly after operation of an SVE system - reference
OU-D SVE at McAFB. A small temporary CatOx unit may be adequate for
initial operation. After vinyl chloride and methane concentrations drop, the
carbon units would be effective in controlling off-gas emissions and cheaper to
operate and maintain.

Response:

Given that the concentration of vinyl chloride is relatively low to begin with, its
concentration can be expected to decrease within a short time after
implementation of the SVE system.

Methane was detected in only one well, but its concentration was so high
compared to the rest of the contaminants (e.g., 30,000 times higher than that of
vinyl chloride). Therefore, unlike vinyl chloride, it is difficult to assume that its
presence will disappear in a short time after operation of the SVE system. This
is why adsorption technologies were rated so low in the DRE category.
However, as stated in the report, if methane emissions are acceptable to
regulatory agencies, they could be given a much higher rank in the DRE
category.

11. Page L-5. Operation data at McAFB indicate that the Purus Padre system

does, in fact, "capture" vinyl chloride.

Response:

Yes. The operation data at McClellan AFB indicate that vinyl chloride is
reasonably adsorbed by the Purus PADRE system. Up to approximately
71 percent DRE has been observed so far with respect to vinyl chloride.
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12. Page L-8. Screening Methodologies. Provide a more complete description of
how the ranking was completed. In Table L-3 the Operational Costs: Carbon
Adsorption = 4 (21,500); CatOx = 10 (28,000). Capital Costs: Carbon = 10
(19,800); CatOx = 3 (67,000). The Department would suggest that if the
Carbon Operational rank is 4, yet it is less expensive than CatOx, how can
CatOx receive a 10? If Carbon had a ranking of 10, carbon and CatOx would
rank equally.

Response:

Carbon and CatOx should have been ranked nearly equally. This change has
been incorporated along with other changes. The way the ranks were given is
that typically the option that ranked the most favorable against a criterion was
given the highest rank. The rest of the options were then ranked relative to the
highest ranking option. For example, the capital cost ($19,800) of the carbon
system was assessed to be the lowest among all the other options. So, it was
given the highest rank of 10. The capital cost of the CatOx system was assessed
to be approximately three times that of the carbon system and therefore was
given a rank of 3 in the same category.

Similarly, in the operating cost category, the carbon system should have been
given a score of 10 since it was assessed to have the lowest operating cost. On
the basis of the relative increase in operating costs for the other options, their
ranLk should have been proportionately decreased to the following: 3, 8, and, 3
for electron beam, CatOx, and PADRE technologies, respectively.

13. Page L-10, Table L-2. CatOx. To ensure accurate capital cost, ensure that a
natural gas line hook up is included in the cost. It is possible that the site does
not have natural gas run to the site.

Response:

Refer to the response to Specific Comment 19 for Volume I of III.

14. Page L-11, Table LA. The weighted ranik scores for Carbon's Status
Development, Feed Variability and Problem Compn.ds, should be corrected.
The Weighted Total score is 735, unless the mulkidg for Operating costs are re-
evaluated (see above comment.)

Response:

The ranks given to the options for the "operating costs" category have been
revised. However, the ranks for the other categories have not been changed.
Changing the rank for carbon technology with respect to the problem
compounds was considered, but not changed. This is because it was thought
that the concentration of methane is extremel high to assume that it will
decrease in a short time after implementing the SVE operations. Carbon is not
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an effective method to control methane emissions; therefore, the rank assigned
to carbon under this category was not changed.

15. Page L-13, paragraph 3. Paragraph 3 states that given the low concentrations
of contaminants, CatOx treatment is a "gross waste of energy.." and
recommends another treatment technology. In Recommendations and
Conclusions the only option for off-gas treatment (SVE and groundwater) is
CatOx. The Department staff recognizes the need to acknowledge the apparent
contradiction but suggests toning down the statement in paragraph 3.

Response:

Although the operating costs for catalytic oxidation systems is one of the lowest
among the technologies evaluated, its relative consumption of energy at the site
for treating a gas stream with a low contaminant concentration and high flow
rate is relatively high.

16. Page M-2, paragraph 2. Groundwater Flows Clarify the first sentence. It is
unclear what is meant by "...they will add insufficient difficulties to the
treatment capabilities."

Response:

The first sentence of paragraph 2 under Groundwater Flows has been revised as
follows:

"Since the contaminant concentrations in the D and E aqui.ers are
minimal, they will not significantly increase the effort needed to
remediate the B and C aquifers."

17. Page 0-1, paragraph 1. Edit. It is assumed that the "intermittent capillary
zone" refers to the "fine grained soil within..." and not to the Davis Site.

Response:

The "intermittant capillary zone" refers to the zone from approximately 40 to
70 feet bgs. The first paragraph in Appendix 0 has been revised as follows:

"Dual-phase extraction has been proposed as a method of removing
volatile contaminants that may be present in fine-grained soil within a
zone of seasonal water table fluctuation at the Davis Globa!
Communications Site (Davis Site). This zone of fine-grained soil occurs
from a depth of approximately 40 feet to approximately 70 feet below
ground surface (bgs) and consists predominately of silty lean to fat clays.
As described in Chapter 3 of the Remedial Investigation/Feasibility Study
(RI/FS) report, the fluctuation occurs as a result of regional pumping in
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the summer, countered by seasonal recharge in the winter. In this
appendix, this zone is referred to as the intermittent capillary zone."

Mark D. Vest, R.G.
Associate Engineering Geologist

Base Closure Branch
Department of Toxic Substances Control

General Comments

1. No "fatal flaws" were identified.

2. To support design, construction, and testing of a ground water containment and
extraction system, certain maps and cross-sections should be amended to better
illustrate that a sound understanding of the distribution of subsurface sedi.
ments and contaminants has been achieved.

Response:

Major revisions have been made to the cross sections presented in Chapters 3
and 4.

3. Tabular summaries of analytical data should be prwvded to support the illus.
trated distribution of contamination.

Response:

Analytical data have been presented on time concentration plots and in
Appendix U. Appendix U data will be provided to McClellan AFB in Excel
format.

4. As per the California Business and Professions Code, a sign-off should be pro-
vided by California registered geologist indicating responsibility for all geologic
content of Report.

Response:

The report will be stamped by a California registered geologist.

Executive Summary

S. The Report states (p. iii) ... this report does o addrems hydroearbon contain-
ination as a portion of the remedial action."
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Recommendation: The Contractor should discuss any likely effects on opera-
tion of a ground water extraction and treatment system resulting from diesel
constituents inadvertently recovered with volatile contaminants.

Response:

On the basis of historical water quality results, TPH-diesel constituents have not
been detected at a regular frequency at the Davis Site. Benzene and toluene
have been detected in samples from B aquifer monitoring wells. However,
because the frequency and concentrations of TPH and BTEX constituents in
groundwater are low, treatment system operation should not be effected.

6. (Editorial) The Report states (p. iv) "Groundwater modeling results were per-
formed to verify .... " It is not clear what is meant by, "results were
performed".

Response:

Sampling of groundwater from monitoring wells at the Davis Site is performed
by Radian Corporation on a quarterly basis. This RI/FS Report includes data
collected through July 1993. These data are used as the basis for the findings
and recommendations presented in this report, including development of mass
estimates, target areas and volumes, and groundwater modeling.

7. Also on page iv, the Report mentions ground water analytical data that became
available relatively late in the report preparation period.

Recommendations:

a. Ongoing collection and interpretation of data should be anticipated.

b. Summary tables, graphs, maps and cross sections should be developed
with space reserved to add late breaking data.

c. The actual insertion of late breaking data into tables and graphics can
be performed by the Contractor or by users of the documents.

Response:

The executive summary text has been changed accordingly. Data through the
July 1993 sampling have been incorporated into this report. Space will be
reserved on the new time concentration plots for the plotting of additional data.
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Chapter 1, Introduction

8. On page 1-1, the Report discusses ground water cmtaminant data that became
available relatively late during preparation of the Report. The Report states
"These data were incorporated into site cross sections . . . and into the site
groundwater modeling in Appendix J. Groundwster modeling was performed to
verify that July 1993 data do not significantly impact the recommendations
provided in this report."

Recommendations:

a. Refer to comment 7, above.

b. The Report should briefly specify what additioial ground water modeling
was performed using the July data.

Response:

a. See response to Comment 7.

b. The text was revised to read as follows:

Groundwater modeling was performed to verify extraction well place-
ment, extraction rates, and capture zones for the recommended remedial
action. Groundwater modeling results are presented in Appendix J.

9. On page 1-2, the Report further discusses sepaWrAi remediation of the zone of
diesel contamination from the VOC remediatiom.

Recommendation: Refer to comment 5, above. The Contractor should decide if
diesel constituents are likely to effect extraction or treatment system operation.

Response:

On the basis of historical water quality results, TPH-diesel constituents have not
been detected at a regular frequency at the Davis Site. Benzene and toluene
have been detected in samples from B aquifer monitoring wells. However,
because the frequency and concentrations of TPH and BTEX constituents in
groundwater are low, treatment system operatio should not be effected.

10. (editorial) Page 1-4 states "'he Davis Site aonsists of the fenced, Main
Compound Area (approximately 8 acres), mmcunication antennas, and
undeveloped grasslands (as shown in Figure 1-4'. Except for the fenced com-
pound area, the figure does not show these feemu.

Recommendation: The text and/or figure shl be amaded to be •onsistent
with one another.
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Response:

The Davis Site is an annex of McClellan AFB in Sacramento, located approxi-
mately 4 miles south of the City of Davis (as shown in Figure 1-1).

11. Page 1.8 provides three criterion that were used to develop contaminants of
concern (COCs). Table 1-1, Contaminants of Concern, lists the COCs.

Recommendation: The table should be amended to include an additional
column specifying which criteria from page 1-8 led to inclusion of each com-
pound in the list of COCs.

Response:

The comment column in the table has been modified so that the specific criteria
that make a contaminant a COC are explicitly stated.

12. A note at the base of Table 1.1 identifies a criterion to identify a "contaminant
of potential concern".

Recommendation: The Report should discuss the significance of the note and
contaminants of potential concern.

Response:

The note at the end of the table is not needed and has been deleted.

Chapter 2, Field Investigation Activities

13. Page 2-8, Table 2-2, Well Construction Data.

Recommendations:

a. An amended version of the table should be provided as part of Appendix
S, Well Construction Data. In addition to the information provided on
Table 2-2, the amended table should include well location, borehole dia.
meter, total depth, drilling method, filter pack size gradation and inter-
val, and surface completion type.

b. MWD-2 should be listed with the C Aquifer wells. A foot note should be
provided to explain the MWD label. Alternatively, MWD.Z could be
renamed MWC.2 with a foot note reminding readers of the former label.

RDo0o1IJ170.W" RC-31



Response:

a. The amended table is included as an addendum to Appendix S in the
Draft Final report and will be included at the beginning ot Appendix S in
the Final report.

b. It will be noted that MWD-2 is actually a C aquifer well; however, the
actual well name will remain the same.

14. Figure 2-1, Flow Chart of Field Activities. While not really a flow chart, the
figure is a clear and useful illustraticn of the general history of site investiga.
tion activities.

Response:

The text and title have been changed to "Chronology of Field Activities."

Chapter 3, Hydrogeologic Conditions

15. Page 3-2 identifies five stratigraphic zones-A, B, C, D, and E. The Report states
"The five zones extend to a depth of 245 feet below the site and apply only to te
vicinity of the fenced compound." It is not clear what is meant by "apply only
to the vicinity of the fenced compound".

Recommendation: Definition of site hydrostratigraphy should, at a minimum,
encompass all areas of ground water contamination, as well as hackgrourd and
reinjection areas.

Response:

The text was revised as follows:

The stratigraphy underlying the site has been divided into five zones-A,
B, C, D, and E. These zones are made up of coarse-grained and fine-
grained materials. For convenience in discussion, the terms "B," "C," "D,"
and "E" aquifer have been retained and apply to the permeable units
within each specific zone. The five zones extend to a depth of approxi-
mately 245 feet below the site. While the depth and thickness of all
zones varies within the area of contamination, stratigraphic borings indi-
cate that generally these zones exist as they have been shown in the cross
sections in Chapter 4. The conceptual cross section shown in Figure 3-2
indicates the location of these zones beneath the site.

16. (editorial) The use of "ranges" on page 3-2 to specify depth intervals should be
replaced by occurs or extends. Ranges suggests fluctuation or variation. For
example, "The transmlssivlty values range from 100 to 1000 W/day across the
site" (page J-17).
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Response:

The word ranges was replaced with the word extends.

17. Figure 3.2, Davis Site Conceptual Site Cross Section, and Figure 3-3,
Generalized Site Cross Section from MWD-t9 to CH-4, could be illustrations of
two different sites.

Recommendation: The conceptual model and generalized cross section should
be more consistent with one another.

Response:

Figure 3-2 was revised using portions of Cross Sections A-A',B-B', C-C', E-E',
and F-F', so that it would bear a closer resemblance to actual site conditions.
Figure 3-3 was also slightly revised.

18. Pages 3.10 to 3-MS provide an effective discussion and presentation of ground
water elevations, gradients and fluctuations that occurred between July 1992
and July 1993.

Recommendatio-s:

a. The discussion and graphics should be ammded to evaluate available
historic elevation and gradient date for consistency with the trends
clearly identified in the Report.

b. In addition to the MW3 well cluster, vertical gradients should be calcu.
lated for well clusters across the site.

Response:

a. Historical groundwater elevation data will be reviewed, and a discussion
of the results of that evaluation will be provided in the Final report. The
evaluation will consist of caiculatiug historical gradients and flow
directions and checking to identify if any changes have occurred over
time.

b. Vertical gradients for additional well clusters will be provided in the Final
report.

Chapter 4, Nature and Extent of Contamination

19. Figure 4.1, Site Base Map; Figure 4-1a, 3 and C. Aquifer Target Areas; and
Figure 4-1b, D and E Aquifer Target Areas. These maps provide the only plan
view of the distribution of ground water cosaumination in the Report.
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Recommendations:

a. Summary tables of SCOCs detected in each well should be provided.
For each well, and each sampling event, the tables should illustrate dates
of sampling and concentrations of SCOCs detected (or not sampled, or
not detected).

b. Concentration contour maps illustrating historic contaminant distribu-
tions should be compiled as an appendix.

c. All of the target areas and concentration contours should be amended to
reflect recently obtained data.

d. As discussed above, additional maps should be provided so upcoming
water quality data can be easily evaluated when made available.

e. The figures should be amended to specify sampling dates associated with

the data that are contoured.

f. The B Aquifer S &g/I TCE contour should be illustrated.

g. Additional discussion regarding determination of the E Aquifer target
area is warranted.

Response:

a. See response to Comment 6, Volume II of Ill. from Mark Malinowski.

b. Time concentration plots for each well will be substituted for concentra-
tion contour maps for each sampling event (consensus established during
the January 5, !994, te!econference with DTSC and McClellan AFB).

c. All of the target areas have been amended to reflect July 1993 datd.

d. Time concentration plots rill be produced with additional space left on
the time axis for the additiun of new data.

e. Figures 4.1a through 4-Id have been changed to teflect current data.

f. TIe 5-ppb TCE contour is notud on Figure 4-la.

g. The text has been revised as follo'wvs:

The E aquifer target area is based on water quality results from MWE-3,
MWE-21. and MWE-22. Sampling results from the E aquifer monitoring wells
iadicate that volatile organic compound (VOC) concentrations are below the
allowable MCL
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20. Figure 4-2a, Vadose Zone Target Area.

Recommendation: Concentration contours should be developed to illustrate the
distribution of contamination at several depths in the vadose zone.

Response:

Additional figures (overlays) have been added to show concentration contours at
5-, 10- 20-, and 30-foot depths.

21. Figure 4.7, Davis Site Conceptual Model, illustrates an interpretation of the
distribution of subsurface materials that is significantly different than the dis-
tribution illustrated on Cross Sections A-A' through J-J'.

Recommendation: The cross sections and figure should be amended to be con.
sistent with one another.

Response:

Figure 4-7 was revised using portions of Cross Sections A-A'.B-B', C-C', E-E',
and F-F', so that it would bear a closer resemblance to actual site conditions.

22. Cross Sections A-A' through J-J' should provide a detailed and accurate illus-
tration of subsurface materials and properties that were measured (or observed)
during the site investigation. The cross sections should also present the
Contractor's reasonable interpretation of the overall distribution of subsurface
materials and contamination at the site.

Recommendations:

a. The cross sections shouid be reviewed and approved by a California
registered geologist.

b. The proportions and extent of course and fine grained sediments does
not appear reasonable and should be reevaluated. Based on the draw-
ings, it appears that site borings intercepted a very high percentage of
discrete coarse grained units.

c. Assuming that every cross section is bounded on all four sides by "fin-
grained material" is not a reasonable interpretation and should be
reevaluated.

d. Assuming that contamination detected in monitoring wells is as
restricted as illustrated is unreasonable.

e. Intersections of cross sections should be checked and amended where
inconsistencies are found. Examples of items requiring amendment
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include: thickness of aquifers and aquitards (off by factors of greater
than two); missing aquifers; and presence aed thickness of "course-
grained materials", "estimated VOC grou,"4*aw contamination"' and
"estimated vadose zone VOC contamination".

f. Depths below ground surface should not be aegaive.

g. Changing spacing between wells and/or borings and projecting wells
and/or borings should be cautiously applied.

Response:

Cross sections were revised to include the following chwgcs:

a. Reviewed and approved by a California C-E.G.

b. Coarse-grained units now display limited lateral continuity, as
expected in a channel deposit. Predominnt channel flow direc-
tion given in site map for Figures 3-2 a.d 4-7.

c. See Comment b above.

d. Contamination has been extended througm screened interval of
well.

e. Inco'isistencies have been corrected.

f. Depths are now positive.

g. We have added "projection lines" to help alert the reader to
changes caused by projecting wells and borings in the cross
sections.

Chapter 6, Feasibility Study

23. On page 6-8, when discussing the B, C, D, and E acrs, the Report states
"The units are not laterally continuous across e site, but generally are
separated by finer-grained aquitards." The Report is mell". to the A-B, B-C,
C-D and D-E aquitards. The description is not coiut with the conceptual
model presented earlier in the Report or the conmpw model used to evaluate
aquifer test data. The conceptual model presents d D an E aquifers as
laterally continuous across the site. The aquitards m presented as generally
dampening vertical flow between the aquifer zones. AMItioually, comparison of
water level hydrographs illustrating seasonal data fie groups of wells indicates
that each aquifer zone is more laterally interconnecule ia vertically connected
with other zones. The B and C zones do not follow thi pattem
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Recommendation: The text or the conceptual model should be amended.

Response:

The following sentence was deleted:

"The units are not !aterally continuous across the site, but generally are
separated by finer-grained aquitard".

24. Page 6.18 refers to Appendix J, Groundwater Extraction Evaluation, for discus-
sion and description of water level monitoring to check for hydraulic control
during treatment system operation. Appendix J proposes using strategically
selected pairs of wells to monitor gradients.

Recommendation: Initially, water levels should be measured in all site ground
water wells and piezometers and ground water elevation contour maps should
be prepared to evaluate hydraulic gradients relative to contaminant distribu-
tions.

Response:

The use ot well pairs for horizontal and vertical gradient determination allows
for measurement of capture in specific directions. It is agreed that all wells
should be measured and respective contours should be drawn for each respec-
tive aquifer.

25. Page 6-33 states "If the transmissivities are lower than the ranges cited in the
table, additional extraction w.lls may be needed to attain capture." Table 6-12.
repeats the uncertainty. Table 6-13 applies a contingency cost to the
uncertainty.

Recommendation: The concern should be further discussed in the Report.
Holding other parameters constant, a lower transmissivity will produce a more
extensive capture zone.

Response:

The second paragraph in Section 6.5.1.1 (Aquifer Properties) has been modified
to read:

"....If the transmissivities are lower than the ranges cited in the table, additional
extraction wells may be needed to attain groundwater capture. This is because
the areal extent of capture from a single well decreases with decreasing
transmissivity (Freeze & Cherry, 1979)."
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26. Page 6-36 states "If storativity values fall below the ranges cited, additional
extraction wells may be needed, or cleanup times may be longer than expected."

Table 6-2 repeats the uncertainty. Table 6-13 applies a contingency cost to the
uncertainty.

Recommendation: The concern should be further discussed in the Report. The
coefficient of storage is the volume of water produced divided by the change in
head and area. Upon achieving some sort of steady state, drawdown ceases and
the coefficient of storage becomes relatively unimportant. However, during
initial pumping, a lower coefficient of storage will result in less water produced
for a given decrease in head.

Response:

The following language has been added to the third paragraph in Section 6.5.1. 1:

"Storativity is the volume of water that an aquifer releases from storage
per unit surface area of aquifer per unit decline in hydraulic head. At
steady-state, drawdown ceases, and the storativity becomes relatively
unimportant. However, groundwater modeling for the Davis Site indi-
cates that steady-state will not be achieved during groundwater extraction
for a long time period (> 10 years). Therefore, storativity is a significant
aquifer property that will impact groundwater remedial actions."

27. Page 6-36 states "If the actual vertical permeabilities are lower than those cited,
additioval extraction wells may be needed."Table 6-2 repeats this uncertainty.
Table 6-13 applies a contingency cost to the uncertainty.

.Recommendation: This concern should also be further discussed in the report.
If vertical permeabilities are decreased, less water will be contributed from
above and ielow a given aquifer zone and extraction fhmo the zone will be more.
effective.

Response:

The concern is true that less water will be contributed from above and below a
given aquifer zone. This means that a longer groundwater pumping time will be
needed to remove contamination from the aquitards. The referenced sentence
has been changed as follows:

"If the actual permeabilities are lower than those cited, additional extrac-
tion time may be needed to remove contamination from the aquitards."

28. Page 6.36 identifies uncertainties associated with gromW water gradients and
notes that gradients vary from year to year while the Report focuses on gra-
dients reprt'enting 1992-1993.
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Recommendation: As mentioned in Comment 18, above, it may be prudent to
evaluate available historical gradient data to determine if the 1992-1993 trends
and ranges are typical of available site data.

Response:

See response to Comment 18a.
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DEPARTMENT OF THE AIR FORCE
AOOUARTEAS IACAAM104 TO AIR LOGIST"C CCM1 *"NO

MCCLLLJAAN AIR FORCE BA85E CAAL"~MM

FROM: SM-ALC/JAV

SUBJ: Draft RI/FS, Davis Site

TO: SH-ALC/EXR

1. I have reviewed the draft Remedial InvestiqatlonJ'Feasibillty Study
Report for the Davis site. I have no legal object•on to release of the
document. My few comments follow.

2. My principal concern with this exhaustive and well-writteA report is
that it faila to reflect the unique position of tte Air Force as the lead
agency in our cleanup. I bellev, the authors have used a pluq-in approach
for many of these chapters, utilizing discussiona from other, previously
written products. This is not inappropriate, azi: I have no objection to
it. It is apparent, however, that EPA was usually the lead agency for
these earlier efforts, an& the discuasions when applied to our cleanup need
to be fine-tuned. I will illustrate several examples.

a. Volume I, Executive Summary, p viii, 2d fail paraqraphs The
remedial action will be selected by & .Cl.lia_, and must meet a by
EPA, DTSC, and'RWOCE.

b. Vol=*e II. Appendix G, p C-1, -lt full paraqxaph under "Description
of AR•RS": Final determination ot ARARS Is made by tr. not EPA.

c. In the very next paragraph, it states that "EPA may use . . , It
should raad "the Air Force may use .

d. At p G-2, 2d paragraphs The second senteace states that ARARS must
be timely identified to EPA. It should read that they must be Identified
to the Air Force.

My review may not have found all the instances whbre the authors have
unthinkinqly operated from the aasuaption that EPA Is the load agency, We
should be oareful to correct any such instances.

3. Volume I, p 1-3, Table 1-1: For the cont-amint metbyl ixohutyl
ketone, tbht 3d column fails to list a potential remedial aPProach, which I
assume ahould be ground water extraction.

A. Voluma II, Appendix G, p C-11, 2d full paraqgra: This discussion
refers to a permit issued to our ground water treatment plant. It should
note that the permit was not reneweih due to our CL& permit exemption for
on-site activities. Thus, while Zhe permit Itel"f is not a AAR, the
effluent levels referred to in tlle inactive permit may ref lect substantive
requirements with vhioh the Air Force must comply.
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5. Appendix G. p G-16, Table G-4, Item 16: The cite to 20 CFR 1910.120
should instead by 29 CFl 1910.120.

6. Appendix G, p G-25, top 2 paraqraphs: I do not recognize the citations
that begin with "R 18-8": 1 believe the correct citations are to 40 CFR.

7. Volume II, Appendix X, p K-11 (Table X-1), middle column, bottom tier:
It states here that "all necessary permits should also be obtainable." No
pcrmits would be required for this on site bloveunting, and this reference
should be removed.

MARTIN KECK
Environmental Counsel
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I•EDflING

Ms. Doris Bajka
Envirornmental Management
SM-ALC/EMR
5050 Dudley Blvd., Suite 3
McClellan Air Force Base, CA 95652-1389

DRAFT COPY, REMEDIAL INVESTIGATION/FEASIBILIIT STUDY REPORT, DAVIS

GLOBAL COMMUNICA TIONS SITE, VC CLELLAN AIR FORCE BASE

Thank you for the opportunity to review the subject report. Our comments are as follows:

A. Volume 1

1. Target Area for C Aquifer. Figure 4-la shows the target ama for ground water remediation
based on data collected from monitor wells prior to March 1993. Tbe additional ground
water sampling and analysis on samples collected since tim time shows the target zone
should be expanded farther to thc. south. Monitor well PC-21 which is depicted as the outer
boundary of the target area was found to have 132 4g/l TCE. Using this data, the target
zone for the C aquifer would be expanded significantly and the calculated mass estimate will
be much greater. The mass calculations and the target zones should be reevaluated.

The new grcund water data was used to determine if the proposed extraction rates and zones
of capture would be sufficient to capture the extent of conamination. To do this, the new
target zone would have to have been developed. This new zone should be presented in the
draft final version of the report.

2. The Target Area for the D Aquifer. The comment for the C Aquifer Target Area applies in
general to that depicted for the D Aquifer on Figure 4-lb. The ground water concentration
isocontours should be reconfigured after adding the data fro. the ground water sample
collected from the D zone during the drilling of MWE-21. This data will yield a greater
volume and mass of contaminants than that calculated for tie report.

3. Vadose Zone Target Area. Though staff agrees generally with the defined target zone, we
believe that the data presented in the cross-sections depicts die possibility of a greater target
volume at depth than that shown on Figure 4-2a. The shallow soil gas sampling is likely not
sufficient to define the extent of soil gas contamination at depth. As part of the last phase of
Remedial Investigation field work, some borings and associaed soil gas sampling should be
included. These borings could be converted to soil gas mo.okIwextraction wells as
necessary. If they are converted to monitor wells they wil be useful in determining the zone
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of capture of the soil gas extraction system. This point was discussed in your office during
the last several weeks.

4. Section 4.2.2, Mass of Contamination. The mass of contaminants in the ground water
should be calculated using all the available data. See comments I and 2. above.

5. Figure 4-6a. The inert figure should also show the lines for TCE and t-1.2-DCE.

6. Figure 4-16. Similar to the other cross-sections. the vadose zone contamination should be
depicted if sufficient data is available completed monitor wells? The results from these
wells, sampled in July 1993, should be added to the report.

7. Page 6-6, first paragraph. It is stated that there should be no need to install additional wells
for monitoring purposes. As stated above, staff is not of the opinion that the extent of
deeper contamination in the soil gas has been determined. In addition, there may need to be
additional monitor wells to determine the effective radius of capture of the extraction system.

8. Figure 6-5. The extraction wells for the D aquifer should be moved as discussed during our
recent teleconference.

9. Table 7-1. It is listed in this table that the semivolatile organic contaminants will be
potentially remeciated at the site by biovtnting. ilas this method been shown effective on
the sermivolatile contaminants?

10. Chapter 7, Conclusions. Conciusions should be revised based on the above comments,

B. Volume 2

I. Appendix F. Data from the newly installed ground water monitor wells should be included
in this appendix to show ground water contaminarnt contours and development of mass
estimates. The latest data nwy alter the presented values to some extent.

2. Appendix F, figure F(a)-1. With the presented data for concentrations in the C Aquifer, the
C Aquifer target area appears to extend to far to the northwest. The same thing can be said
for the D Aquifer target volume as delineated in Figure F(a)-2.

3. Appendix F, page F-23. It is stated that in the conclusions that the extent of contamination
in the vadose zone is based on the results of the shallow soil gas survey. Those results may
not be indicative of the contamination at depth. The target area needs further definition with
deeper soil gas sampling.

4. Appendix F. Pages F-22 through F-24 are repeated as F-26 through F-28.

5. Appendix F, page F-29. It is stated that the organic fraction value used in the analyses was
based on sample results and is considered a fair representation of the site values. Only one
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sample was analyzed for organic carbon content. It may or may not be representative of the
site, but is better than using a book value.

6. Appendix G, page G-10, sixth paragraph. The Basin Plan for the Central Valley Region
establishes the beneficial uses of specific water bodies within our region. The Inland Surface
Waters Plan establishes water quality objectives for receiving waters to protect aquatic life
and sources of drinking water from various pollutants.

7. Appendix G, paragraph 2. The permit for the disch:,rge from the Ground Water Treatment
Plant at McClellan AFB is not an ARAR for the Davis Transmitter Site. It is, however, an
example of the limitations that might be placed on a similar discharge from the a Davis site
ground water extraction and treatment discharge. The regulations used to develop the
McClellan AFB permit would be the same as those that would be applied to the Davis site.

8. Table G-6. This table of ARARs should include the California Water Code for discharge of
wastewater effluent from the treatment plant. Cleanup values for the vadose zone and
ground water must comply with SWRCB Resolution 68-16 as an ARAR, with Resolution 92-
49 as a TBC. Chapter 15 does not apply to the discharge from the treatment plant to a
surface water.

9. Appendix G, page G-30, first paragraph. Cleanup of soils and ground water to background
concentrations, unless proven technically and economically infeasible, is required in
Resolution 68-16 and Title 23, Division 3, Chapter 15.

10. Appendix J, Figure J-19. The first decision diamond on the right-side of the flow diagram
does not have a "Yes" path associated with it. Two other deciion diamonds have two
arrows leading from them but only the "no" path is delineated.

The first box on the right side states that the extraction wells should be each sample and
composited. Why not just sample the influent to the treatment system to determine mass
loading to the treatment system. A certain frequency of sampling the individual extraction
wells for separate analysis should also be postulated.

11. Appendix M, Costs for treatment options. The section was improved over the working copy.
Some minor changes are still needed as follows:

a. Labor costs for GAC are twice as high as those for the other treatment options even
with the same number of hours.

b. Why is the cost of additional labor more for TV1 GAC than for TV2 even though the

same number of hours are required?

c. Why are there twice as many samples for TV2 as TVI?

d, Table M(a)-7. The O&M costs listed for GAC TV2 appear to be in error.
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Please use these comments during deveiopment of the draft final version of the report. If you have
any comments regarding this matter, please call me at (916) 255-3025.

ALEXANDER MACDONALD
Project Engineer

cc: Mr. Mark Malinowski, Dept. of Toxic Substances Control. Sacramento
Mr. Gerald Vogt, CHM-Hill. Redding
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ARTMENT OF TOXIC SUBSTANCES CONTROL

10151 CRO0YDON WAY. SLiITt 3
$ACRA"MNTO. CA 9A27-2104

(916) 25-537L7

December i5, I993

Mr. Jerry Styles
SM-ALC/"M
5050 Dudley Boulevard, Suite 3
McClellan AFB, California 95652-1036

Dear Mr. Styles:

Enclosed are the Department of Toyic Substances Control's
(Department) comments on the Cavi3 Global Comm~mications Sitd
(Davis Site) Draft Remedial Investigation/Feasibility Study
Report (RI/FS Report), datod November 1, 1993. The comments have
been coordinated with the Central Valley Regional Water Quality
Control Board.

Also enclosed are the Department's comments on the Davis
Site Draft Ris% Assessment.

All comments should be reopcnded to on a point-by-point
basis and added as an appendix to the appropriate dooument.

If you '.avqs any questions or comments reqazding this matter,
please contact me at (916) 255-3717.

sincarely,

f'~-4ark Mal f~waki
/ Asuociat7e ngineering Geoloqist

Site Mi igation Branch

Enclosures

cc: Mr. Alex !acDoonald
Central Valley Regional Water
Quality Control Board

3443 Routier Road, Suite A
Sacramento, California 95827-3098

Mr. Tom To
Director of Environmental Health
Yolo county Environmental Health Services
10 Cottonwood Street
Woodland, California 95695
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Department of ToXiO Substances Control's Comments
on the Davis Site Draft

Remedial Inveatiqation/Feaeibility Study Report
dated November 1, 1993

Volume I of III

General commolts

1. The report is well written and organized. The groundwater
mass and volumes should be updated to include tne most
recent groundwater sampling data.

2. Given the screen interval, monitoring well HWD-2 should te
re-labeled as MWC-2.

3. When metric weights (kq) are provided, also include the U.S.
customary weights (pounds or ounces).

4. The monitor well Concentration versus Time plots should use
a log scale along tle concentration axis. The log scale
provides better resolution at low concentrations.

p8taifi4 Comments

Po. Sea Nn, Coimen

I. iii 4 Specify the vadose zone *objectives."

2. viii Conclusions The Executive Summary
Conclusions should summarize the short
narratives presented in Chapter 7 (e.g.,
vadose zone contamination will continue to
contaminate groundwater if action in not
taken. VOC contamination continues to spread
downward and outward. SV% would reduce VOC
mass In the vadose zone adequately and
prevent continued contamination of the
groundwater. Groundwater containment
systems would inhibit oft-site migration of
groundwater.)

3. xvii Glossar• of Terms Please define the
following: anaerobic dohaloqenatiou -
halogen, bio:ranasormation - chlorinated
alaphitic.

E00d LZOO096 01 1 901031/0SlU X011 RLI~il CHNZ-I
Z VC 8'ON NO~it1?1S3M ""iN3WibH3~i. Mel M/t /



Pq sea 2ent

23. 6-11 6.2.4.3 Include a paragraph describing the nQed to
drill exploratory holes to ensure reinJection
is viable (technically, i.e., aquifer
capability, raqulaltory i.e., groundwater
quality between injected water and aquifer
water.)

23. 6-35 Table 6-12 The Target Areas shoula be volumes.
Estimates for groundwater should be provided
in some measure appropriate for water (e.g.
gallons or acre fee.) The Vadoso Zone Target
Area (Volume) should be in cubic feet.

24. Mass of Contamination is underestimated due
to a lack of understandinq//uasuring
contamilnant adsorption to soils.

25. 6-39 Table 6-14 Include the costs for capturing contamination
that exceeds 106 risk.

76. 7-2 7.3 1 Include the State of California's Non-
Degradation requirements in this section as a
reason for taking action.

27. 7-2 7.5 Include additional "deep" soil gas sampling.

Volume II of 1X!

1. 3-2 Provide a map showing the five SVMW* and nine
piezometers locations. Specify the dates of
the tests and the most rmcent rainfall event
and amount of precipitation.

2. Fig 8-2 The response of the SVMWs and piezometers are
su3piciously oatched to the barometric
pressure. Can you provide any insight to the
correlation? The data for the air
permeability teats at CH-I and 5 do not
appear to correlate as closely.

3. B-17 1 Il it possible that the biological activity
(no measured oxygen) cavsed the positive
presaure obwerved in the C2-5 well?

LZR3E'iH 01 1 f01511/1sla moll RY0III -E-
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4. 1-4 1.2 3 The reference to Figure 1-3 as a Ntineline
for remedial investigative activities" is not
accurate. riqure 1-3 indicates only the
contractors who worked on the site, not the
work performed. Is Figure 1-3 missing
verbiage on the right hand side that would
indicate the contractoz's efforts? (e.g.,
Kleinfelder - UST investigation., ITC - Ri
work - determine extent of groundwater
contamination., Radian - quarterly
groundwater sampling., etc.) Radian did
perform some groundwater sampling in 1988.

5. 1-4 1.3.1 Include the main objective of the RI; gather
enough information to be able to conduct a
feasibility study, perform A remedial design
and implement a clean-up action.

6. 4-3 4.2 The contaminant mass estimates and target
volumes should be revisod based on the most
recent sampling results.

7. 4-3 4.2.1 Selection of Target Areas should include
estimated groundwater tarqet volumes (total
gallons) for each zone. Groundwater volumes
for non-detect, MCL and 1086 risk boundaries
bhould be presented (Table format would
probably be best.)

a. rig. 4-6(a-h) The Department recommends using a log scale
for the concentration plots. Plots for all
the monitoring wells at the *its should be
included as an appendix.

9. Fig. 4-9 Intersection identified as G-G0 should be
Il-H°. Contamination (red) should be depicted
in PC-21, and extended from MWE-3 to MWE-21.
Contamination should be illustrated
throughout (vertically) the aquifer that is
screened (see MWO-3). Contamination should
be shown across the screened section of MWC-
3. Explain the contamination indicated
betwean KWC-3 and MWD-3.

i0. Fig. 4-10 Indicate the K-KI cross section intersection.
MW-IC has been RD in 7/93 and 10/93.
Contamination should not be shown in the C
zone in this cross aection.

i1. rig. 4-11 Contamination should be shown inR 3W-22.
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12. Fig. 4-12 Provide the sampling results for MWC-l and
MWD-1.

13. Fig. 4-13 Sampling results from 7/93 for EW-IC and MWD-
2 do not support the contamLnation depicted
in the C aquifer. The contamination in the 2
zone should extend 3ast, past MWB-13.

14. Fig. 4-14 Provide the sampling results for MWC-4.

is. Fig. 4-16 Groundwater contamination should be depicted
southwest past EW-3C (B zone), and MWD-lO (D
zone), and northeast past Mw-6 (B zone). As
previously stated, the C zone sampling data
do not support the contaXination depicted.
It appears that contamination is migrating
downward, from the B to the C, near the
MW(X)-3 cluster. Include the 7/93 data for
MW- 3.

16. Fig. 4-17 Contamination should be depicted in the E
zone.

17. 5-5 5.3 The "clean-up levels" for groundwater are
actually "targets levels." This section
should indicate that the FS evaluates the
cost to clean-up groundwatar to background,
MCLs and 1.0" risk.

18. 6-6 1 Additional soil gas monitor ing/extraction
wells should be considered to evaluate the
subsurface zone that is saturated in the
winter, but dewatered in the summer.

19. 6-6 6.2.3.2 Does the site have a natural gas line? If
not, have the additional costs to install a
gas line been incorporated into the CatOx
cost evaluation?

20. 6-8 6.2.4 The FS should use the target volumes
generated in Chapter 4, and evaluate the cost
to clean-up groundwater to background, MCLs
and 10"6 risk. Use of the term Target Voluae
for groundwater is inaccurate since no
volumes are presented

21. 6-9 Fig. 6-5 The figure should ae revissd to indicate the
location of the extraction wells based on the
November, 1993 teleconference between CH2M
Hill, McAFB, the RWQCB and DTSC.

900d LZBOO96 01 10MC!L/11sla WC A £L-: -
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4. 3-17 Recommendations are not supplied. Are
additional SVE wells needed? Will additional
testing be needed prior to installing GVE
wells? Will the existing wells be adequate
for performing 3VE or should larger diameter
wells be installed? Should air permeability
teats be conducted in the summer and winter
to evaluate the impact of soil moisture and
levil of groundwater? WouldI soil moisture
profiles be helpful in evaluating the air
permeability results? Will larger diameter
SVE wells have any significant effect on the
radius of influence?

5. D-4 . Field izploratioa Have owls been observed in
the soil piles? The data for szmples from
the northern and eastern soil piles could not
be found in Table U-1.

6. E-1 Provide ccncentratiou plots for all wells.
Use the same scale (loq) for all the wells.
Provide tables. lise J-1, for all the
sampling episooes. Include groundwater
elevations and dteoction limits.

7. G-1 2 The Davis site is a State Lead site. The EPA
will not make the final determination of
ARARa, as specified.

s. - �If SVE is viable for the interval between 40
feet bge and the lowest (summer) seasonal
water table, a section should be added to
discuss the advantages and disadvantages.

9. Fig. J-19 AG pumping Diamond - Define a time period
(i.e. 2-3 weeks). Adjust Q Box - It may not
be necessary to adjust "all* well(s). The
logic for the two "Adjust Targeq Area"
Diamonds is not clear. What is the
difference between the XKWfB adjust treatment
box and the previous adjust treatment
decision diamond and why does the McAFB
adjust treatment box lead into another adjust
treatment diamond? The "No" direction
"olean-up criteria met?" diamond, should flow
to all three decisions, s'adjust target
area?", "adjust tr•atwmt?' and 'adjust
monitoring frequency?". After the first
quarter, how often will influent be srmpled?

Lod L2S;96 OL I N0I0/01 ,aS1 NllU XYLVII CO-0N-?I
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10. L-4 Gas Phase Carbon Adsorption. The Depar-tmant
recomnends further discussion of the non-
regenerative carbon DRZe, am wall an
advantageb and disadvar.;aqes. An described
on page L-14, the Department would like McAfB
to consider that the vinyl chloride (and
probably methane) ooncentratiora" will drop
rapidly after operation of an SVE system -
raforence OU-D SVE at MCAFB. A saall
temporary CatOx unit may be adequate for
initial operation. After vinyl chloride and
methane concentrations drop, the carbon units
would be effective in controlling off-gas
emissions and cheaper to operate and
ma:.ntain.

11. L-5 Operation data at FCAFB indicate that the
Purus Padre system does, in fact, "capture"
vinyl chloride.

12. L-8 Screening Methodologies. Provide a more
complete descripticn of bow the raz.xiog wav
completed. In Table L-3 th' Operational
Costs: Carbon Adcorption - 4 (21,500): CatOx
"- 10 (28,000). Capital Costs: Carbon = 10
(19,300); CatOx - 3 (67,000). The Department
would suggest that ii the Carbon Operational
rank is 4, yet it is less axpensive than
CatOx, how can CatOx receive a 10? If Carbon
had a ranking of 10, carbon and CatOx would
rank equally.

13. L-10 Table L-2 CatOx. To enjure accurate capital cost,
ensure that a natural gas line hook up is
included in the coat. It is possible that
the site does not have natural gas run to the
site.

14. L-11 Table L-3 The weighted rank scores for Carbon's Statue
Development, Feed Variability and Problen
Compounds, should be corrected. The Weighted
Total score is 735, unles th. ranking for
Operatinq costs are re-evaluated (see above
comment.)

3/0d MU 1 1 bIN34/Isla Rl m
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15. L-13 3 Paragraph 3 Ztates that given the low
concentrations of contaminants, catox
treatment is a "gross waste of energy..." and
recomends another treatment technology. In
Recomaondations and Conclusions the only
option for of f-gas treatment (SVE and
groundwater) is CatOx. The Depart-ment. staff
recognizes the need to acknovledge the
apparent contradiction but euggects toning
down the statement in paragraph 3.

16. M-2 2 Groundwater Flown Clarity the first
sentence. It is unclear what is meant by W*..
they will add insufficient difficulties to
the treatuent capabilities."

17. 0-1 1 Edit. It is assumed that the "intermittent
capillary zone" refers to the "fine grained
soil within..." and not to the Davis Sitr.

§O ~ 080016 01 NOMID!/M.1 Noll XyL ii: E6-OZ-Zl
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-(916) 255-3692

MEMORANDUM

TO: Mark Malinowaki
Associate Engineering Geologist
Site Mitigation Branch

FROM- MýarX 0. Vest, R.G. I'~L~Y
Asaociate Engineering Geologist
3a.e Closure Branch

DATE: DRAFT, December 15, 1993

SUBJEC: Davis Global Communications Site, Draft Remedial
1 nvestiga±ion/Feasibili:y Study Report, Ncr!m!:zr
1993

In response to your request. I have reviewed hydrogeologic
aupects of the 0raft Remedia7 InvesticatiorJFeasibility Studyfo
the Davis Global Commuxnirations Site (Report). The November 1993
Report was prepared by C142M HILL (Contractor) for the J. S. Air
Force. The following comments and recommendations are based on
my review of the Report and are provided for your information and
use.

COMMENTS AND RECOMMENDATICNS

General

I. No "fatal flaws" were identified.

2. To support design, construction, and testing of a ground
water containment and extraction system, certain maps and
cross-sections should be amended to betoter illuscrate that a
sound understanding of the distribution of subsurface
sediments and contaminants has been achieved.

3. Tabular summaries of analytical data should be provided to
support the illustrated distribution of contamination.

4. An per the California Business and Professions Code, a sign-
off should be provided by California rogistered geologist
indicating reaponeibility for all geologic content of
Report.
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Mark.Malinowski
.RAFT, Dece~ner 15, 1993

Page 2

Executive Summary

S. The Repart states (p. ii;) "...:h'a report toeS not addre•u
hydrocarbon contamination &a a poratcn o! the remedial
action.'

The Corltractor should discuss any likely effects on
cpsration of a ground water extraction and treatment system
resuu:in. from diesel constituents inadvertently recovered
with vocatile contaminants.

6. •Editor'al) The Report states [p.iv) "Groundwater modeling
results were performed to verify. . . . - It is not clear what
ia meant by, "results were performedu.

"7 Also on page iv, the Repct mentions ground water Analytical
data thas became available relatively late in the report
preparation period.

Raccmtnendation

a. .mgoing collecion and interpr- -ion of data should be
nticipated.

b. summary tables, qrsph., maps and crees sections shomld
be developed with space reserved to add late breaking
data.

C. The actual insertion ýf late breaking eAta into tablee
and graphics can be perforOed by the Cant-actor or by
users of the docudtenwt.

Chapter !, :ntroduction

8. On page 1-1, :he R Art discussee ground water contaminant
data chat becam available relatively late durin"
preparastion of the Report. The Report st:aoos "Thee data
were incorporated into site croon sections... and into the
i4 to groundwater modeling in Appendix J. Groundwater
nodsling was performed to verify that July 1993 data do not
significantly impact the rnecomendations provideO. in this

* report.*

Recoumendatione

a. Refer to comment 7, above.

UL80096 O0 1 MO!O93/0SIG AOM Y0Lt:I CS-ON-1T
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DRAFT, December 15, 1993
?age I

b. The Report should orlefly specify what additional
grou.nd wacer mcdellng was performed us4ng the July
data.

9. Cn page !-2, the Recor: further discusses so;srating
remediatior. of the zone of diesel contami1.ataon Kron tb. VOC
remedia: .on.

Recommendation
£

Reeer zo comment 5, Atove. The Co-ntractor should decide if
diesel constituents are likely to effect extraction or
treatment system operation.

10. (ed!-7:or.al) Page i-4 siL.em The Davis S.:te consista cf (.he
fenced, Main Compound Area (approximately 9 acres),
cormnu:iucAtioan antennas, and undeveloped grasslands (3s shown
in Figure 1-2". Except for the fenced coopcund are,, the
figure does not show chee" ýeaturee.

Recommendation

The :ext anel/or figure should be amonded to kv crsistent
with one another.

U1. Page i-a provides three criterion that were used to develop
contaminants of concern (COCa) . Table i-I, Contaminants of
Concern, lists the COes.

Recommendation

The nablo should be a~ended to include an additional coiumn
specifying which cr-tesia from page 1-8 led to inclusion of
each compound in the list of COCs.

12. A note at the base of Table 1-1 identifies a criterion to
identify a contaminant cf potential concern.

Recommendation

The Report should discuss :he significance of the note and
contaminants of potential concern.

flo0 LZ8O096 O t O1 sLG ROU N0 0t:11 C6-OH-NI
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Mark Ma* 'nwek
DRAFT, December ..3, 1993
Page 4

Chapter 2, Fie'd inveastigaion Activities

13. Page 2-e, Table 2-2, Well Conrsructicn Data.

Recommendati on

a. An amended version oQ the table chould be provided as
part o! Appendix 3. Well Conat.ruction Data. in
addition to the information. provided on Table 2-2, tne
amended table should include well location, borehole
diameter, tfital, depth, drilling method, filter pick
size gradation and r.tceval, and surface completion
type.

b. MW)-2 should be listed with the C Aquifer wells. A
foot note should be provided to explain the MWD label.
Alternatively, MWD-2 could be renamed MWC-2 with a foot
note reminding readers of %he f oz• label.

14. Figure 2-1, Flow Chart of Fi-eld Activities. While not
reamly a flow chart, the figure is a clear and useful
illumtrsation of the geriaal hiatory of site investigation

Chapter 3, xydrogeologie Conditions

15. Page 3-2 identifies five atratigraphic zones-A. 3, C, D, and
E. The Report state• 4The five zones extend to a depth of
245 feet below the smite and apply only to the vicinity of
the fenced compound., It is not clear what is meant by
"apply only to the vt.inni-y of the .enced compownda.

Recommendation

Defini:ion o: site hydroetratigraphy should, at a sinimuta,
encom•pass all areas of qrcand water connasiaation, as well
ab background and reinjection areas.

:6. (editorial) The use of Oxange'" un page 3-2 to spwify depth
intervals should be replaced by occurs or extendA. Ranges
suggests fluctuation or veriaLion. For example *The
transw.seivi-y values range from 100 to 1.000 ft/day across
the Aice, (page J-17).

17. Figure 3-2, tavis Site Conceptual Site Cross Sectiom, and
Figure 3-3, Qenralizod Site Crows Section f.au MWD-10 to
CU-4. could be illustrations of two different sites.
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Mark Malinuwski
ORAPT, December L5, -'993
Paqe 5

Recommendat ion

The zonceptual model and generalized cross section ahou11d be
more constternt with one another.

ia. Pages 3-10 :o 3-15 provide an effective d'as•eosn and
prmeentation of qrcund water oLavations, gxadiaunt and
fluc uationa that occurred between July 1992 and July t993..

Recommendat Lons

a. The discussion and graphics should be aneaded to
eva>uate avaiiab.a hiatoric elevation and gradient data
for consistency w;th rhe trends cleaxly idant-f:ed in
tne Report.

o. mn addition :o thn M%3 well clueter, vrtical gradients

should be calculattd for well clusters scxose the aite.

Chapter 4, Nature and ExterL. at Conriatiuation

19. Figare 4-1, Site Base Map; Figure 4-1a, B ar C AiuLidr
Target Areas; and Fiyuxe 4-"., D aad - AK.inler Tarjet Areae.
These taps provide :he only plan view oa b wistribu:ion of
ground water contamination in :he Report.

Recommendat Icna

a. Summary tables o! SCOCs dezected in ea- wel! should be
provided. For each well, and each sampling even, t•ho
cao'ez should illustrate dates of smpiing and
concentratigrn jf aCOCs detected (or not sampled. or
not detacted).

b. Concentration aontour maps illusttatlq hblator.c
contaminant distributions should *e zi.lld as an
appe4ndix.

C. All of the target areas and concentriti coctour2
should be amended to roflect recently obtained Jata.

d. At discussed ahove, additional maps ml ie provided
so upcoaming water quality data ý;n hab ieily evaluated
when made avallablA,

e. The figu±res should be amended Lu a&pifv saaaliv dates
ausociated with the data tha are c.gtared.

E. The 3 Aclui!fo 5 ug/L TeC contour shol4 be illustrated.

KST *8ON NO I 10801S~d )ilteQKt1#43 8?-Z ZGf!/
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~g. Additiznal dii'zzuion reqardinq determination of the z
Aquifer targat area is warranted.

20. rigue 4-2a, Vadose'Zone Target Area.

Recommendation.

Concentration contours !no;uld be developed t* .4..us.trat the
distribution ot contax.nation at e'eral deptlis in the
vadose zone-

21. Figure 4-7, Davis Si: •C:nceptual Model, illuatrates an
interpr~tation of the tribution o! subsurface materials
that ;s iari:icanL.y dLfforent than the distributiot
illustrated on Cross £S=tiuzia A-Ak through J-:',
Recouwnenda tion

rhs cnyoss sect:.ons atzi f4.gre should be, amendad to be
conniszen with ore arOiher.

22. Cross Sections A-A' thrnugh J-J' should provide a detailed
and accurate illustration of subsurface maieriala and
prcpertie6 thaz were measured (or observed) during the site
invet:igazion. The cross sections should also p-esent the
Conzrac:or's reasonaLle interpretation of the overall
diezribu-ion of subsurface materials and contamination at
che site.

Recommendat ions

a. 7ha cross sections sliculd be rsview" and ap•roved by a
California registered geolcist.

b. 7he proportions and extent of coarse and fine grained
sediments does not appear reasonable and should be
reevaluated. Based on the drawings, it appears that
site borings intercepted a vezy high percentage of
discrete coarse grained units.

C. Assuming that every crose section is ourded on all
four sides by "fine-graened material* is not a
reasonable Lnteosrotat.ion and should be reevaluated.

d. Aswuminig tlhat contamination deteeted in monitoring
wells in an restricted as iIliustrated is unreasonable.

e. Tatersections of cross sections should be chec'.ad and
amended where inconsistanciee are found. Examples of
items requirinq amendment include: thickness of

S104 LZOOM)9 01 NO1DWI/SIO WOUA ¶YLIj:i ES-ON-I
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aquiafers and aquitarSj :cf !Dy fac:ors of greater than
t•;O); misging aquifers: and ;resence and :ticknasa of
"c.curse-grained materiala", "est'rated O':C groundwater
zcntaminatior", ard ,estimate: vadose zona VCC
=ontamination" .

f. Dept-s below ground v.rfface shuld not be negative.

9. Ch3nging spacirg between wel.a aad/or borings and
pr~jecting wells arn/cr ccrligs should ba cau:.oualy
applied.

Zhapter 6, Faumibility Study

23. Cn page 6-s, when discUSSiag the 8. -, V, and E aquifers,
the Report states The un-ts are nct laterally continuous
across :he site, bu: generally are se prated by fIner-
grained aquitards." The Rat:rt la refirring to the A-B, B-
C, C-D and D-M aqui:ards. The descrt;ticn is not consistent
with the conceptual model presented earlier in the Report or
the computer model used to evaluate a&uifar test data. The
conceptual model presents the D and E arufers as lazerilly
continuous across the site. The aiuitards are preseed•,as
generally dampening vertical flow between the qailfer zones.
Aad-ttonaily, comparison of water level hdroqgraphs
.:lustracing seasonal data trom groups of wells indicates
that each aquifer zone to :re iantraly interconnected than
vertically connected with cther zones. The a and C zones do
not follcw this pattern.

Recom•endatIon

T.e :ext or the co:nceptual ýaodel should be amended.

44. Pge o-IS re±,rs to Appendix J, Grourdwater £xtraction
Eval%.a:icn, Eo: discujsaion and d!scrLption of waier level
mionitoxicig L(c cneck for hydrauli: ctontiol during treatment
lyetem tperation. Appendix J propses using strategically
6elected pairs of wells to moniror gradients.

Reconutendation

:nitlally, water levels asould h^ maaaurad in all site
qround water wells and piezoneters and ground water
elevation contour maps shoulL be prepared to evaluate
hydraulic gradienza relative to contsminai diazributions.

2. Page 6-11 otaea ttf rhe tranrsmietvitles are lower than
the ranges cited in nhe table, additional extraction wells
may be needed to attain capture." Table 6-12 r*paate :he

91d VS a'N NOIIJOISM 7"V434'oLN0!Ct 6;:CIT 6/TZ/ZT
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uncertainty. Table 6 13 applies a contingency coar to •he
uncertainty.

Raccamisndaticn

The concern should be further discussed In -he Repor:.
Kolding other parawreters constant,. a lower tranvmiesivi-y
will produce a more extensive zapt-re zone.

26. Paqv 6-36 states "If stcrativitv values fall below ::b
ranges cited, additional extra;ticn welas moy Ie needed, or
cleanup times ray be longer than expeud., Table 5-2
repeats the uncertainly. Table 6-13 applies a cntngency
cost to Lhe uncertainty.

Recommendation

The concern should te f.r-.her discussed in the Report. The
coeafficielt of storage i3 -.he vclume of water produced
divided by the change irt Icad and area. Upon achieving aome
sort of steady state, drawdown capea and the coefficient of
storage becomes relatively unimportant. However, during
initial pumping, a lower coefficient of storage will result
in less water produced for a given decrease in head.

27. Page 6-36 states "If he t uctual vertical permeabilitiem are
lower than those cito, additional "xrractLon wells may be
needed." Table 6-2 repeats thin uncertaiAty. Table 6-13
appl-ee a contingency coat tm the uncertainty.

Reconemndation

Thia ccM:corn should a.Lso be further discussed in the report.
If vert..al permeabilities are decreased, less water will be
cntributed from above and below a given aquifer zone and
excractio from the zone will bo more effective.

23. Page 6-36 identifies uncertainties associated with ground
water gradients and notes that gradients vary from year to
year while the Repor: focuses on jze±Ldente representing
1992-1993.

R-ecommendat to

As mentioned LA Comment L, above, it way be prudent to
evaluar. available historic gradient data to determine if
the 1992-1993 trends and ranges axe typical of available
site da:a.

LIUd LUSOt96 01 I 90011 M 10Q M1:11 E-m-
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TECHNICAL MEMORANDUM A C"H/LL

PREPARED FOR: Davis RI/FS Report

PREPARED BY: Loren Krook/CH2M HILL, Redding

DATE: September 9, 1993

SUBJECT: Soil Gas Investigation
Davis Global Communications Site
Delivery Order No. 5055

PROJECT: SAC28722.55.18

Purpose and Scope

The purpose of this technical memorandum is to provide the results of soil gas reme-
dial investigation efforts at the Davis Global Communications Site (Davis Site). Inter-
pretation of the data is provided in the Remedial Investigation/Feasibility Study
(RI/ES) report.

The three RI soil gas sampling efforts that were conducted included the following:

Dry or Partially Submerged Groundwater Monitoring Well Sampling -
On August 24, 1992, soil gas samples were collected from four dry or
partially submerged groundwater monitoring wells. The samples were
analyzed for volatile organic compounds (VOCs) and selected-
atmospheric gases at an offsite laboratory.

* Shallow Soil Gas Survey-From September 15 to October 6, 1992, a
shallow soil gas survey was conducted. A total of 71 soil gas samples
were collected from probes driven into the ground to depths ranging
from 5 to 20 feet below ground surface (bgs). The samples were
analyzed for selected VOCs in an onsite mobile laboratory. Ten of the
samples also received confirmational analyses at an offsite analytical
laboratory.

* Soil Vapor Monitoring Well Sampling-On December 17, 1992, soil
vapor samples were collected from 10 soil vapor monitoring wells
(SVMWs) and piezometers. Additional samples were collected from
three deep piezometers on August 8, 1993. The samples were analyzed
for VOCs and selected atmospheric gases at an offsite analytical
laboratory.
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The following sections provide descriptions of sample locations and depths, sampling
equipment and procedures, analytical methodologies, and summary results of labora-
tory analyses for the two investigations.

Detailed laboratory reports are not provided in this technical memorandum.
Complete data packages are available from CH2M HILL in Redding, California.

Background

Several previous investigations have been conducted at the Davis Site. These investi-
gations have involved soil excavation and removal of underground diesel fuel storage
tanks, soil borings for contaminant characterization, a soil organic vapor survey, cone
penetrometer surveys, in situ groundwater sampling, groundwater monitoring well
installations and sampling, and evaluation of stratigraphic and hydrogeologic
characteristics of the site. These investigations have continued from 1981 to the
present.

This technical memorandum will limit discussion of previous investigations to those
relevant to the soil gas sampling and analyses performed as part of the current
remedial investigation efforts. Additional site background information, descriptions,
and site characterization information can be found in Section 2.0 of the Draft Final
Work Plan, Davis Global Communications Site Remedial Investigation (CH2M HILL,
1992a).

Previous Investigations

The relevant previous investigation at the Davis Site was performed by International
Technology Corporation (ITC) from April 3 to April 19, 1989. In this investigation, a
shallow soil gas survey was conducted. The objectives of this survey were:

To determine the extent of volatile organic vapor contamination to a
depth of 10 feet bgs

To determine the prevalence of target compounds trichloroethene
(TCE), tetrachloroethene (PCE), vinyl chloride (VCL), and benzene in
the soil vapors

To determine the locations for future cone penetrometer and soil
borings

During the soil gas survey, 94 locations were sampled on a 40-foot by 40-foot square
grid. Soil gas probes were driven 10 feet bgs and soil vapor samples extracted.
Concentrations of total volatile organic compounds (TVOCs) were measured using a
photoionization detector (PID). Samples with PID readings greater than I part per
million volume (ppmv) were also analyzed in the field using a gas chromatograph
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(GC). Target compounds for GC analysis included TCE. PCE. vinyl chloride, and
benzene.

Detection limits during GC analyses are shown in Table A-1.

Table A-I

Detection Limits During GC Analyses

Target Compound Detectiom U"i (ppbvi

Trichlroethene 22.3

Tetrachlorethene 160.5

Vinyl Chloride i06.0

Bcnzene 28-5

The results of the soil gas survey identified PCE and TCE plumes in the vadose zone
at a depth of 10 feet bgs. Figure A-1 shows the extent of PCE and TCE contamina-
tion developed by ITC (1992), based on GC data. Following evaluation of the data,
an additional investigation was determined to be necessary to adequately characterize
the nature and extent of vadose zone contamination. These additional investigations,
including soil gas sampling of dry or partially submerged groundwater monitoring
wells, a supplemental shallow soil gas survey, and SVMW sampling, were conducted
as part of the Davis Site RI and are the primary subjects of this technical
memorandum.

Field Exploration

This section de cribes the procedures and equipment used during the RI soil gas
investigation. Shallow soil gas and SVMW sampling were conducted in accordance
with Sections 5.0 and 11.0, respectively, of the Draft Final Davis Global Communica-
tions Site Remedial Investigation Sampling and Anaiy.is Plan (SAP) (CH2M HILL,
1992b). The following paragraphs describe the three soil gas sampling efforts
conducted at the site: sampling of existing dry or partially submerged groundwater
monitoring wells, shallow soil gas sampling, and sampling of SVMWs installed as part
of the RI fieldwork.

Dry Groundwater Monitoring Well Sampling

The first phase of the RI soil gas investigation was conducted on August 24, 1992.
This part of the investigation consisted of sampling sol vapors from four existing dry
or partially submerged groundwater monitoring wells. The wells sampled included
MW-i, MW-3, MW-5, and MW-7.

Each of the groundwater wells were modified to function as a SVMW. These modifi-
cations consisting of fitting airtight well caps to the top of each well casing. The caps

IVA127C2.RDD (Davu RIVS) A-3
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were rigged with tubing connectors for purging and sampling. Prior to sampling, each
well was purged of 3 well volumes using a vacuum pump. Soil vapor samples were
then collected in evacuated 6-liter stainless steel canisters.

Shallow Soil Gas Sampling

Shallow soil gas sampling locations were determined primarily on the results of the
previous shallow soil gas survey conducted by ITC in April 1989. The results of this
survey identified PCE and TCE plumes at a depth of 10 feet bgs using PID and on-
site GC analyses. Figure A-1 shows the PCE and TCE plumes identified by ITC and
the locations sampled during the September 1992 shallow soil gas investigation.

Sampling Locations and Depths

A total of 71 soil gas sa.iples were collected at various locations and within and out-
side the Main Compound perimeter fence. A total of 67 samples were collected for
the purpose of defining the horizontal and vertical extent of VOC contamination in
the area of the ITC shallow soil gas survey. Four additional samples were collected
around the perimeter of Building 4708 for risk assessment purposes. Tat le A-2
summarizes the number and depths of samples that were planned in the Draft Final
Work Plan (CH2M HILL, 1992a) and those actually collected during the field investi-
gation.

Table A-2

Numbers and Depths of Shallow Soil Gas Samples

Sample Depth Number of Samples

(feet bgs) Planned Actual

5 15 15

10 35 43

13' 0 1
17a 0 1

20 1i I1

Total 67 71

aAttcmpted 20 feet bgs sample terminated because of refusal conditions.

Because of the soil conditions encountered, the sample probe could not be driven
below approximately 20 feet bgs. In lieu of these samples, additional samples were
collected at 10 feet bgs.
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Sampling Equipment and Procedures

Hydro Geo Chem, Incorporated, based in Tuscon, Arizona, cellected and analyzed
shallow soil gas samples. CH2M HILL supervised the work and determined sampling
locations and depths.

Shallow soil gas samples were collected using a customized Ford pickup truck
equipped with a hydraulically driven hammer to advance sampling probes below the
ground surface. The sampling mechanism consisted of a hydraulicaliy powered fric-
tion wheel lifting a 300-pound drop-hammer over a vertical distance of about 3 feet.
The impact of the hammer drove 1-3/8-inch outside diameter, nickel-plated, stainless
steel extraction well drill rods into the ground. The probes were fitted with detach-
able high-carbon steel drive points to penetrate the soil.

After a soil gas probe had been driven to the required depth, the probe was pulled
up approximately 6 inches to 1 foot using the !ruck hydraulics. As the probe was
retracted from the ground, the steel drive point detached from the bottom end of the
probe. A pressure-iegulated vacuum pump was then attached to the surface, end of
the probe via a stainless steel adapter. Three to five probe volumes were purged by
the va,-uum pump tc ensure a representative soil gas sample.

Figure A-2 shows the major elements of the field sampling effort.

Onsite Analysis Samples

Samples for onsite analyses were collected by withdrawing soil gas from the vadose
zone through an inline sample collection cartridge. The sample cartridge was con-
nected in the sampling train between the probe adapter and the sampling pump.
VOCs were trapped and concentrated in a glass tube (Supelco) contained within the
stainless steel cartridge. The cartridge was packed with three types of adsorptive,
hydrophobic activated carbon to trap different species of VOCs. Carbotrap was used
to adsorb the heavier VOCs, such as PCE; Carbopack B to adsorb the lighter
volatiles, such as TCE, and Carbosieve S-I11 to adsorb the ultralight volatiles, such as
vinyl chloride. A computerized mass-flow controller was used to regulate airflow and
to accurately measure the volume sampled. The flow controller was typically pro-
grammed to pump 200 ml of soil gas at a flow rate of 100 ml/minute with less than 2
percent error, independent of temperature and pressure conditions. When the
specified flow volume was obtained, a solenoid valve automatically closed, and the
sample collection was completed.

Cartridge duplicate samples were collected consecutively. Simultaneous cartridge
sampling was not possible because the mass-flow controller regulating the flow of soil
gas could only be used for one cartridge at a time.
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Offsite Confirmation Alwlysis Samples

Samples for offsite laboratory confirmation analyses were rollected in evacuated
6-liter stainless steel canisters. The canister samples were collected immediately
following collection of the cartridge samples. Each canister was connected to the
stainless steel adapter installed at the top of the probe. Stairn. is steel Swagelock
connections and Teflon tubing were used to connect the canisters to the probe
adapters.

After connection to the probe adapter, samples were collected by opening the
adapter and canister valves and allowing the soil gas to enter the canister. All initial
canister pressures were minus 30 inches of mercury or less. After sample collection,
all final canister pressures were between minus 4.0 and 10.5 inches of mercury.

Canister duplicate samples we:e collected si: iultaneously by using a stainless steel tee
and equal lengths of Teflon tubing connected to the probe adapter.

SVNIW Sampling

Following the shallow soil gas survey, five SVMWs and nine piezometers were
installed in the areas of highest soil gas contamination. Details of well construction
and descriptions of the installation procedures are provided in Appendix D, Summary
of Field Activity Figure A-I shows the locations of the five SVMWs and associated
piezometers (e.g., SVMW CH-1 and associated Shallow Piezometer P-IS and Deep
Piezometer P-1D).

Initial sampling of the SVMWs and piezormeters was conducted in December 1992.
Five wells and five shallow piezometers were sampled in accordance with Section 11.0
of the Draft Final SAP (CH2M HILL, 1992). The sampled wells and piezometers
included CH-1, P-iS, CH-2, P-2M, CH-3, P-3S, CH-4, P-4S, CH-5, and P-5S. Because
of relatively high winter groundwater levels, the screened intervals of the four deepest
piezometers (P-1D, P-3D, P-4D, and P-5D) were submerged and could not be
sampled. Three deep piezometers (P-ID, P-3D, and P.4D) were sampled on
August 8, 1993. P-5D was still submerged.

Prior to sampling, each well or piezometer was purged of 3 well volumes using a
vacuum pump. S6il vapor samples were then collected in evacuated 6-liter stainless
steel canisters. A field duplicate sample was collected from Well CH-1 using a stain-
less steel cross in the sampling train.

Laboratory Analyses

This section describes the analytical methodologies and summary results for dry or
partially submerged groundwater monitoring samples, shallow soil gas samples and
SVMW/piezometer samples. Results from the December 1992 sampling are
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summarized in Tables A-8 and A-9. Results from the August 1993 sampling are
summarized in Attachment A-2.

Dry Groundwater Monitoring Well Soil Vapor Samples

All of the samples collected from dry or partially submerged groundwater monitoring
wells were analyzed at Air Toxics Ltd., located in Rancho Cordova, California. The
samples were analyzed for soil gas VOCs in accordance with EPA Method TO-14
using a gas chromatograph/mass spectrometer (GC/MS) operating in full-scan mode.

In addition to VOC analyses, selected samples were also analyzed for oxygen,
nitrogen, methane, and carbon dioxide using modified ASTM Method D3416 and a
GC equipped with thermal conductivity and flame ionization detectors
'GC/TCD/FID).

Tables A-3 and .-4 summarize the results of soil vapor analyses conducted on
samples from groundwater monitoring wells.

Table A-3
Summary of Detected Soil Gas VOCs

Dry or Partially Submerged
Groundwater Monitoring Well Sampling'

August 21, 1992

Well and Screened Inter.al
(feet bgs)

MW. 1 MW.3 MW.5 MW-7
Compoundb (61 to 8t) (61 to 81) (59 to 79) (61 to 81)

Freon-12 o .. 25 "

Vinyl Chloride .

Chloromethane 0.02 . .

l,I-Dlchloroethene 0.07 .. 6.0

Freon-113 0.01 i07Ed -

ll-Dichloroethane 0.06

cis- 1,2-Dichloroethene 0.91E 0.37 -_-

1,1.1-Trichloroethane - 0.07

Benzene - 0.01 .
Trichloroethene 1.5E 2.8 2,7 0.05

Toluene 0.31 - 0.21 0.02

Tetrachloroethene 0.56 6.4 95 .. 0.02F Maximum detected analyte concentrations are listed where duplicate samples were analyzed.
hCompounds common to onsite GC analyses conducted during the RI shallow soil gas survey are

bolded.
cCompound not detected above quantitafion limit. Quantitation limits vary from sample to

sample because of dilution factors.
dAnlalyte concentration exceeded calibration range, but within linear range.
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Table A-4
Summary of Detected Atmospheric Gases

Dry or Partially Submerged
Groundwater Monitoring Well Sampling

August 21. 1992
(percent)*

Well and Screened Interval

(reet bgs)

I¢ 1•MW-5
Compound (61 to 81) (59 to 79)

Oxygen 15 19

Nitrogen 59 70)

Methane 0.11 b

Carbon dioxide 0.94 0.93

aMaximum analvy,! concentrations are listed where field or laboratory

duplicate samples were analyzed.
bCormpound not detected above quantitation limit.

Quality Control

Quality control (QC) measures for sol! gas samples collected from dry or partially
submerged gioundwater wells included field quality control samples and internal
laboratory QC samples.

Field QC Samples. Field QC samples consisted of one field duplicate and one field
blank. The samples were collected at a frequency of appro,,umateiy I in 10. The
samples were submitted "blind" to the analytical laboratory. All of the samples were
received intact at the laboratory in accordance with chain-of-custody procedures.

One field duplicate for VOC analysis was collected from MW-3 and designated MW-
200. A stainless steel cross in thz sample tubing was used to collect the samples
simultzneously. Relative percent differences (RPDs) betwcen detected compounds
ranged between 2.0 and 8.0 percent. The field duplicate RPD acceptability criterion
for measurements in air is less than 50 percent (Table 4-3, IRP QAPP) (Radian,
1992). Thercfore, acceptability criteria were met for all compounds.

One field blank sample, designated MW-100, was collected in a randomly selected
canister using ultra-high purity air. No method analytcs were detected.

Laboratory QC Samples. Internal laboratory QC samples for VOC analysis consisted
of laboratory blanks, surrogate spikes, and method spikes. Laboratory QC samples
for the analysis of atmospheric gases consisted of a laboratory duplicate and a labora.
tory blank.
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Three laboratory blank samples were analyzed. No method analytes were detected in
any of the samples.

Spiked analyses consisted of surrogate spikes and a method spike. Each field sample
and laboratory blank sample was spiked with three surrogate compounds. The
surrogate spike recovery acceptance criterion is plus or minus 30 percent (Radian,
1992). All surrogate spike recoveries were within quality control limits, except for the
recovery of surrogate compound toluene-d8 in MW-I. Matrix effects in this sample
resulted in a surrogate recovery of 132 percent.

All method spike compounds met QC acceptance criteria of plus or minus 30 percent.

For atmcspheric gas analyses, one laboratory duplicate sample was analyzed for
Sample MW-I. RPDs ranged from zero to 35 percent. Analysis of the laboratory
blank sample, consisting of ultra-high purity nitrogen, detected 100 percent nitrogen
and no other compound.

Shallo•, Soil Gas Samples

Shallow soil gas samples were analyzed at an onsite mobile laboratory and confirma-
tion samples at an offsite laboratory. Descriptions of both types of analyses are in the
following parag'aphs.

Onsite Analyses

Onsite analyses were performed using gas chromatography techniques to identify and
quantify target VOCs. Soil gas adsorption cartridges were desorbed using an
Envirochem 890 Thermal Tube Desorber operating at 280'C. The desorbed samples
were injected by the desorber into a Varian 3400 gas chromatograph equipped with a
Megabore DB 624, 30m capillary column, a Tracor 703 photoionization detector
(PID), and a Tracor 700A Hall detector. A split sample from the thermal desorber
was sent to a DBI, 30m Megabore capillary column and a Varian flame ionization
detector (FID) for second column analysis.

Target analytes for onsite GC analyses consisted of the following compounds:

"* PCE
* TCE
* 1,1-DCE
* Vinyl chloride
* Benzene
* Toluene
* Ethyl benzene
* m- and p.Xylenes
* o-Xylene
• TVOCs
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The detection limit for all compounds was 0.01 j.g.1.

Each cartridge sample was analyzed for each of the above listed compounds. The
onsite laboratory analytical data are summarized in Tab'e A-5. Laboratory data
sheets and summaries of the data on a parts per billion-volume basis are provided in
Attachment A-1.

Offsite Analyses

Offsite confirmation analyses for soil gas VOCs were performed in accordance with
EPA Method TO-14 using GC/MS techniques. The samples were analyzed at the Air
Toxics, Ltd., laboratory located in Rancho Cordova, California. Twelve 6-liter
-anister confirmation samples were collected in the field. The canister samples con-
sisted of 10 primary samples, 1 field duplicate, and 1 field blank. Table A-6 lists the
canister confirmation samples that were collected.

Offsite laboratory confirmation sample data are summarized in Table A-7.

Quality Control

QC measures for shallow soil gas samples were performed for both onsite laboratory
GC analyses and offsite laboratory GC,MS analyses. QC samples for onsite GC
analyses included laboratory systems blanks, calibration standards, surrogate spikes,
field duplicates, field blanks, and trip blanks. QC measures for offsite GC/MS confir-
mation samples included field blank and duplicate samples and internal laboratory
QC measures, including laboratory blanks, surrogate spikes, and method spikes.

Field QC Samples. Field QC samples for onsite GC analyses of shallow soil gas
samples included nine atmospheric field blanks and seven trip blanks. No chlorinated
arialytes (e.g., PCE) were detected in any of the field or trip blank samples. Fuel
constituent aromatic compounds (i.e., benzene, toluene, ethvlbenzene, and xylenes)
were found at low concentrations in both field and trip blanks. Refer to
Attachment A-1 for tabulations of detected compounds in the field OC samples.

Field QC samples for offisite GCiMS confirmation analyses consisted of a field dupli-
cate and a field blank. The samples were collected a frequency of approximately I in
10. The samples were submitted "blind" to the analytical laboratory. All of the
samples were received intact at the laboratory in accordance with chain-of-custody
procedures.

One field duplicate was collected at shallow soil gas location SG30-20 and designated
SG200-20. A stainless steel cross in the sample tubing was used to collect the
samples simultaneously. Relative percent differences (RPDs) between detected
compounds ranged between 3.6 to 2(g) percent. ThL field duplicate RPD accept-
ability criterion for measurements in air is less than 50 percent (Table 4-3, IRP
QAPP) (Radian, 1992). Acceptability criteria were not met for 1,1-dichloroethene
(159 percent), Freon-113 (200X percent), and toluene (80 percent).
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Table A-5 _

Summary of Shallow Soil Gas Data-September 15 to October 6, 1992
Micrograms Per Liter (pg/L)

Davis Global Communications Site Ethyl _____ _ _

Vinyl - & p- -

Sample Chloride 1,1 DCE TCE PCE Benzene Toluene Benzene Xylenes Xylene

SGOI-10 <0.01 <0.01 <0.01 4.00 0.16 U 0.32 0.16 0. 16 _0.16

SG02-10 <0.01 <0.01 <0.01 <0.01 0.25 0:69 0.25 _00.33 0.23

SG03-10 <0.01 <0.01 <0.01 <0.01 0.21 0.58 0.25 0.31 i 0.26
SG04-10 <0.01 <0.01 <0.01 <0.01 0.27 0.70 0.28 0.42 0,29

SG05-10 <0.01 0.27 2.70 14.00 0.13 0.12 0.14 -0.15 0.17

SG05-13 <0.01 <0.01 0.05 0.30 0.10 0.15 0.05 0.20 1 0.10

SG06 10 <0.01 <0.01 0 0 0.04 1 0.20 0 0.024
$G07-10 <0.01 <0.01 I<0.01 <0.01 0.20 1 0.20 7E.2-5 1 0.25 1 0.20

SG08-05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 I <0.01 I <0.01
SG08-10 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
SG08-20 <0.01 <0.01 <0.01 1.45 <0.01 <0.01 <0.01 <0.01 1 <0.01
SG09-05 <0.01 <0.01 <0.01 11.00 <0.01 0.16 0.06 0.18 0.08
SG09-10 <0.01 0.15 0.05 41.00 <0.01 <0.01 < <0. I <0.01
SG09-20 <0.01 0.07 0.03 26.00 <0.01 < 0.01 <0.01
SGI0-10 <0.01 <0.01 <0.01 0.09 <0.01 <0.01 <0.01 1 <0.01
SG 11-05 <0.01 <0.01 <0.01 40.01 <0.01 0.09 <0.01 0.06 <0.01

GI1-10 00 <0.01 0 <0.01 0.06 <0.00 1 <0.01 <0.01
SGII-20 0.32 <0.01 0.97 <0.01 0.04 <0.01 0.04 <0.06
SG12-10 0.01 < 0.01 < <0.01 01 . <0.01 0.713 <0.19
SG13-05 <0.01 0.53 4.00 70.00 <0.01 0.07 0.01 0.00 I 0.06
SGI3-10 <0.01 <0.01 <0.01 0.08 <0.01 0.06 <0.01 0.07 <0.01
SG13-20 <0.01 <0.01 <0.01 <0.01 <0.01 0.04 <0.01 0.05 <0.01
SGI4-10 <0.01 <0.01 0.04 0.06 <0.01 <0.01 <0.01 <0.01 J <0.01
SG15-05 <0.01 <0.01 <0.01 <0.01 <0.01 0.07 <0.01 0.0 <0.01
SG15-10 <0.01 <0.01 0.61 1.90 <0.01 <0.01 <0.01 <0.01 J <0.01
SG15-20 <0.01 <0.01 <0.01 <0.01 <0.01 0.07 <0.01 0.061 <0.01
SGI6-10 <0.01 <0.01 <0.01 0.06 <0.01 <0.01 <0.01 <0.01 <0.01
SG17-10 <0.01 <0.01 0.04 0.06 <0.01 <0.01, <-<0.01 <0.01 <0.01
SGI8-05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.0 I
SG18-10 <0.01 <0.01 0.36 11.00 <0.01 <0.01 <0.01 <0.01 <0.01
SG18-17 <0.01 <0.01 0.13 4.80 <0.01 <0.01 <0.01 <0.01 <0.01
SG19-10 <0.01 <0.01 <0.01 0.03 <0.01 <0.01 <0.01 <0.01 <0.01
SG20-10 <0.01 <0.01 <0.01 14.50 <0.01 <0.01 <0.01 <0.01 <0.01
SG21-10 <0.01 <0.01 0.29 0.10 <0.01 <0.01 <0.01 <0.01 <0.01
SG22-05 <0.01 <0.01 <0.01 2.04 <0.01 0.06 0.07 0.09 0.08
SG22-10 <0.01 <0.01 <009 52.00 <0.01 <0.01 <0.01 <0.01 <0.01
SG22-20 <0.01 <0.01 <0.01 9.70 0.04 <0.06 <0.01 0.05 <0.01
SG23-10 <0.01 <0.01 <0.01 0.07 <0.01 0.08 <0.01 0.08 <0.050
SG24-10 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
SG25-10 <0.01 <0.01 <0.01 0.05 <0.01 6.80 5.80 16.30 17.50
SG26-10 <0.01 <0.01 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01SG27-10 <0.01 <0.01 <0.01 0.35 <0.01 <0.01 <0.01 <0.01 <0.01I
SG28-10 <0.01 <0.01 40.01 <0.01 40.01 <0.011 <0.01 <0.01 <0.01I

SG29-05 <0.01 <0.01 <0.01 0.26 <0.01 <0.01 <0.01 0.06 <0,o;
SG29-10 <0.01 0.34 3.80 340.00 <0.01 <0.01 <0.01 <0.01 <0.6
S029-20 <0.01 <0.01 <0.01 0.13 0.04 0.05 <0.01 0.05 0.05
SG30-05 <0.01 <0.01 <0.01 0.22 0.26 0.57 0.13 0.39 0.17
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Table A-5
Summary of Shallow Soil Gas Data-September 15 to October 6,1992

Micrograms Per Liter (pWgL)
Davis Global Communications Site

Vinyl I Ethyl m-&p- 1 -
Sample Chloridej 1,1 DCE TCE PCE Benzene Toluene Benzene Xylenes Xylene
SG30-10 <0.01 <0.01 0.71 29.00 <0.01 0.07 <0.01 <0.01 I <0.01
SG30-20 <0.01 1.60 5.20 110.00 0.05 0.05 <0.01 0.05 1 0.05
SG31-10 <0.01 <0.01 <0.01 0.06 <0.01 <0.01 <0.01 <0.01 1 <0.01
SG32-10 <0.01 <0.01 <0.01 I 0.04 I <0.01 <0.01 I <0.01 <0.01 <0.01
SG33-10 <0.01 <0.01 <0.01 <0.01 0.06 0.14 <0.01 0.11 <0.01
SG34-10 <0.01 <0.01 <0.01 <0.01 <0.01 0.07 <0.01 <0.01 <0.01
SG35-10 <0.01 <0.01 0.07 0.53 0.07 0.08 <0.01 T 0.05 0.07
SG36-05 <0.01 1.20 12.70 88.00 <0.01 <0.01 <0.01 0.05 1 <0.01
SG36-20 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 i <0.01
SG37-10 <0.01 <0.01 <0.01 0.31 J <0.01 <0.01 <0.01 _<F0.01 <0.01
SG38-10 <0.01 <0.01 <0.01 0.35 <0.01 <0.01 <0.01 <0.01 I <0.01
SG39-10 <0.01 0.84 0.05 5.02 <0.01 <0.01 <0.01 <0.01 <0.01
SG40-10 <0.01 <0.01 0.06 0.21 <0.01 <0.01 0.06 <0.01 <0.01
5041-05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 J <0.01 I <0.01
SG41-20 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.0 I
SG42-20 <0.01 <0.01 <0.01 <0.01 0.05 0.11 <0.01 0.07 j <0.01
SG43-10 <0.01 0.05 0.01 0.02 0.01 0.02 0.03 0.03 _ 0.03
SG44-10 <0.01 0.12 0.01 0.04 0.05 0.11 0.19 0.21 0.22
SG45-10 <0.01 0.09 0.02 0.07 0.05 0.14 0.24 0.28 0.30
SG46-10 <0.01 0.03 0.02 0.05 0.05 0.14 0.25 0.27 0.30
RAOI-05 <0.01 <0.01 <0.01 2.80 0.05 0.08 <0.01 0.11 <0.01
RA02-05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 1 <0.01
RA03-05 <0.01 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 1 <0.01
RA04-05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 1 <0.01

Rote:

Sample depths are coded in sample location number. Sample locations given in Figure A- 1.
For example, Sample SGO1-10 indicates location 01 at a depth of 10 feet bgs.
For field duplicate samples, the maximum detected analyte concentration is given (i.e.. the maximum of the two values).

GAe. Wteta&vmuin\TABA.5.XIS A- 17



Table A-6

Offsite Laboratory Confirmatiom Analysis Samples

SG04-10 SG22-05

SG07-10 SG30-20

SG08-05 SG34-10

SG09-10 SG41-20

SG09-20 SGI00-10 (field blank)

SG19-10 SG200-20 (field duplicate of SG30-20)

Note:

1. All samples collected in evacuated 6-liter stainless steel canisters.
2. Field duplicates collected simultaneously by using stainless steel tee.
3. Field blank collected using ultra-high purity air.L 4. Laboratory analysis in accordance with EPA Method TO-14 using GC/MS.

One field blank sample, designated SG100-10, was collected in a randomly selected
canister using ultra-high purity air. No method analytes were detected in the sample.

Laboratory QC Samples. Onsite laboratory OC included laboratory systems blanks,
calibration standards, and surrogate spikes. A systems blank and three calibration
runs were performed at the beginning of each day. Additional calibrations were per-
formed after every 10 samples. Surrogate spikes consisted of a mixture of cis- and
trans-dichloropropene. Calibration curves and chromatograms are not provided with
this technical memorandum. Detailed OC information is available from CH2M HILL
in Redding, California.

Offsite laboratory QC samples consisted of laboratory blanks, surrogate spikes, and
method spikes. three laboratory blank samples were analyzed. No method analytes
were detected in any of the samples. Spiked analyses consisted of surrogate spikes
and a method spike. Each field sample and laboratory QC sample was spiked with
three surrogate compounds. The surrogate spike recovery acceptance criterion is plus
or minus 30 percent (Radian, 1992). All surrogate spike recoveries were within qual-
ity control limits. All method spike compounds, except trans-1,3-dichloropropene
(132 percent), styrene (150 percent), and chlorotoluene (172 percent), met quality
control acceptance criteria of plus or minus 30 percent. These compounds were not
detected in any sample.
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SVMW Samples

All of the SVMW canister samples were analyzed at Air Toxics, Ltd., located in
Rancho Cordova, California. The samples were analyzed for soil gas VOCs in accor-
dance with EPA Method TO-14 using a GC/MS operating in full-scan mode. To
quantify low- and high-level contaminants, most of the samples were analyzed twice.
Samples were initially analyzed with minimal dilution to quantify low concentration
contaminants at the lowest practical quantitation limit. The samples were subse-
quently reanalyzed with dilution to quantify high level contaminants.

Although most samples were analyzed twice to quantify low- and high-range contami-
nants, some data are flagged with an "E" qualifier on the laboratory data sheets. The
"E" flag indicates that a particular analyte was detected at a concentration that
exceeded the instrument calibration range, but was within the linear range. The
qualified data are a consequence of the wide range of target analyte concentrations.
Sample dilutions were determined based on the highest concentration analytes. In
diluting a sample sufficiently to quantify the highest concentration analytes, the
detection limit was necessarily increased. For other analytes in the same sample, the
higher detection limit was greater than the compound concentration. These com-
pounds are therefore "Not Detected" in the diluted sample. Under this condition, the
undiluted analytical results are given, some being qualified with an "E" flag.

In addition to VOC analyses, selected samples were also analyzed for oxygen, nitro-
gen, carbon monoxide, methane, carbon dioxide, and total nonmethane hydrocarbon
content using modified ASTM Method D3416 and a GC equipped with thermal con-
ductivity and flame ionization detectors (GCiTCD/FID).

Tables A-8 and A-9 summarize the results of the SVMW sample analyses.

Quality Control

Quality control (QC) measures for SVMW samples included field QC samples and
internal laboratory QC samples. The laboratory data were reviewed to assess their
acceptability, -is defined by criteria given in the Installation Restoration Program
(IRP) Quality Assurance Project Plan (QAPP) (Radian, 1992).

Field QC Samples. Field QC samples consisted of one field duplicate and one field
blank. The samples were collected at a frequency of approximately 1 in 10. The
samples were submitted "blind" to the analytical laboratory. All of the samples were
received intact at the laboratory in accordance with chain-of-custody procedures.

One field duplicate was collected from CH-I and designated CH-6. A stainless steel
cross in the sample tubing was used to collect the samples simultaneously. Relative
percent differences (R PDs) between detected compounds ranged between zero and
32.6 percent. The field duplicate RPD acceptability criterion for measurements in air
is less than 50 percent (Table 4.3, IRP QAPP) (Radian, 1992). Therefore, accept-
ability criteria were met for all compounds where RPDs could be calculated,
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One field blank sample, designated CH-7, was collected in a randomly-selected
canister using ultra-high purity air. Four method analytes were deterted in the field
blank, including: chloroform (2.4 ppbv), trichloroethene (18 ppbv), toluene (1.7 ppbv),
and tetrachloroethene (20 ppbv).

Table A-9
Summary ol Detected Atmospheric Gases

December 1992 Soil Vapor Moritoring Well Sampling
(percent)

Compound CH-t P-2M CH-3 CH-4 Ct-5

Oxygen 15 16 16 16

Nitrogen 82 82 83 82 88

Carbon monoxide a

Methane 1.5

Carbon dioxide 2-5 1.5 1.2 1.6 10

Total nonmethane hydrocarbons 0.012 0.011 0.004. 0.004 0.091

aCompound not detected above quantitation limit.

Laboratory QC Samples. Internal laboratory QC samples for VOC analysis ea. ,
of a laboratory duplicate, laboratory blanks, surrogate spikes, and method s7rýi';ks.
Laboratory QC for the analysis of atmosphere gases consisted of a laboratory dupli-
cate, method spike, and a laboratory blank.

One laboratory duplicate sample was analyzed from the canister collected at CH-2.
RPDs between compounds detected in both analyses ranged between 7.8 and 19.4
percent. The acceptability criterion for laboratory duplicate analyses RPDs is less
than 30 percent (Radian, 1992). Therefore, acceptance criteria were met for all com-
pounds where RPDs could be calculated.

Five laboratory blank samples were analyzed. No method analytes were detected in
any of the samples.

Spiked analyses consisted of surrogate spikes and a method spike. Each field samp!e
and laboratory QC sample was spiked with three surrogate compounds. The
surrogate spike recovery acceptance criterion is plus or minus 30 percent (Radian,
1992). All surrogate spike recoveries were within quality control limits, except for the
recovery of surrogate compound toluene-d8 in CH-5. Matrix effects in this sample
resulted in a surrogate recovery of 59 percent.

All method spike compounds, except Freon 114 (1,2-dichloro-ll,2,2-
tetrafluoroethane) (148 percent), 1,2,4-trichlorobenzene (40 percent), and
hexachlorobutadiene (40 percent), met quality control acceptance criteria of plus or

100127C".RDD (DavU RiMs) A-22



minus 30 percent. The compounds Freon 114, 1,2,4-trichlorobenzene and
hexachlorobutadiene were not detected in any sample.

For atmospheric gas analyses, one laboratory duplicate sample was analyzed for
Sample CH-5. RPDs ranged from zero to 6.8 percent. Analysis of the laboratory
blank sample, consisting of uitra-high purity nitrogen, detected 100 percent nitrogen
and no other compound.
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Table 2
Summary of Shallow Soil Gas Data
September 15 to October 6, 1992

(parts per billion-volume)

Vinyl Ethyl m- & p- 0-
Sample Chloride 1,1 DCE TCE PCE Benzene Toluene 1 Benzene Xylenes Xylene

SGOI-10 <3.9 <2.5 <1.9 590 50 85 37 37 37

SG02-10 <3.9 <2.5 <1.9 <1.5 --78 183 58 76 53

SG03-10 <3.9 <2.5 <1.9 <1.5 66 154 58 71 60

SG04-10 <3.9 <2.5 <1.9 <1.5 85 186 64 97 67SG04-10 ! <3.9 682. 50 < 1. 20 4 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

SG05-10 <3.9 68 i 503 2064 41 32 32 35 39
SG05-13 <3.9 i <2.5 9 44 31 1 40 12 46 23
SG06-10 <3.9 <2.5 82 2064 50 50 39 60 55
SG07-10 <3.9 <2.5 <1.9 1 <1.5 63 1 53 58 58 46
SG08-05 <3.9 <2.5 <1.9 <1.5 <3.1 <2.7 <2.3 <2.3 <2.3

SG08-10 <3.9 <2.5 <.9 <1.5 <3.1 <2.7 <2.3 <2.3 <2.3
SG08-20 <3.9 <2.5 <1.9 1 <3.1 <2.7 <2.3 <2.3 <2.3
SG09-05 <3.9 <2.5 <1.9 1622 <3.1 42 14 41 18
SG09-10 1 <3.9 38 9 6045 <3.1 <2.7 <2.3 <2.3 <2.3
SG09-20 <3.9 18 6 3833 <3.1 <2.7 <2.3 <2.3 <2.3
SGI0-10 <3.9 <2.5 <1.9 13 <3.1 <2.7 <2.3 <2.3 <2.3
SG 11-05 <3.9 <2.5 <1.9 <1.5 I <3.1 24 <2.3 14 <2.3
SII-10 <3.9 <2.5 <1.9 9 T <3.1 <2.7 <2.3 <2.3 <2.3
SCII-20 <3.9 81 , <1.9 143 <3.1 1i 1 <2.3 9 <2,3
SG12-10 <3.9 <2.5 <1.9 <1.5 28 58 <2.3 30 44
SGIS3-05 <3.9 134 745 11353 <3.1 19 1 2 23 14
SGI3-10 <3.9 <2.5 <1.9 12 <3.1 16 <2.3 16 <2.3
SG13-20 <3.9 <2.5 <1.9 <1.5 <3.1 11 F <2.3, 12 <2.3

SG14-10 <3.9 <2.5 7 9 <3.1 <2.7 1 <2.3 <2.3 <2.3
SG15-05 <3.9 <2.5 <1.9 <1.5 <3.1 19 <2.3 23 <2.3

SG15-10 <3.9 <2.5 114 280 <3.1 <2.7 <2.3 <2.3 <2.3
SG015-20 <3.9 <2.5 <1.9 <1.5 <3.1 19 1 <2.3 L 14. <2.3
SG16-10 <3.9 <2.5 <1.9 9 <3.1 <2.7 1 <2,3 . <2.3 <2.3
5G17-10 <3.9 I <2.5 7 9 <3.1 <2.7.." <2.3 <2.3 <2.3
SG18-05 <3.9 <2.5 <1.9 <1.5 <3.1_" <2.7 <2.3 <2.3 <2.3
SG18-10 <3.9 <2.5 67 1622 <3.1 <2.7 <2.3 <2.3 <2.3
SG18-17 < <3.9 '<2.5 24 708 <3.1 <2.7 <2.3 <2.3 <2.3
SG19-10 _<3.9 F <2.5 <1.9 4 <3.1 <2.7 _ _ <2.3 <2.3 <2.3
SG20-10 <3.9 <2.5 <1.9 2138 <3.1 <2.7 <2.3 <2.3 <2.3
SG21-10 <3.9 <2.5 <.54 15 <3.1 <2.7 j <2.3 <2.3 <2.3

SG22-05 <3.9 <2.5 <1.9 301 <3.1 16 .t 16 i 20 L 18
SG22-10 <3.9 <2.5 17 7667 <3.1 <2.7 <2.3 <2.3 <2.3

SG22-20 i <3.9 <2.5 <1.9 1430 13.1 16 1 1 2 8<2.3

502-0 <392. <19 1313 -<3 12 <2.3
5G23-10 <3.9 <2.5 <1.9 10 <3.1 21 <2.3 18 . <2.3
SG24-10 <3.9 <2.5 <1.9 ,,1.5 <3.1 <2.7 <2.3 <2.3 <2.3
SG25-10 <3.9 <2.5 <1.9 7 <3.1 1804 1336 3754 4030
SG26-10 <3.9 <2.5 <1.9 3 <3.1 <2.7 2.3 <<2.3
SG27-10 <3.9 <2.5 <1.9 52 <3.1 <2.7 <2.3 <2.3 <2.3
SG28-10 <3.9 <2.5 <1.9 <1.5 <3.1 <2.7 <2.3 <2.3 <2.3
SG29-05 <3.9 <2.5 <1.9 38 <3.1 <2.7 <2.3 13 <2.3
S029-10 <3.9 86 708 50130 <3.1 <2.7 <2.3 1 <2.3 <2.3
SG29-20 <3.9 <2.5 <1.9 19 13 13 <2.3 1 12 12
SG30-05 <3.9 <2.5 <1.9 32 81 151 30 90 39

ROilruflkl102.XLS



Table2
Summary of Shallow Soil Gas Data
September 15 to October 6, 1992

(parts per billion-volume)
Vinyl I Ethyl m-&p- o-

Sample Chloride 1,1 DCE TCE PCE Benzene Toluene Benzene Xylenes Xylene
SG30-10 <3.9 <2.5 132 4276 <3.1 19 <2.3 <2.3 <2.3
SG30-20 <3.9 404 968 16218 16 13 <2.3 12 12
SG31-10 <3.9 <2.5 <1.9 9 <3.1 <2.7 <2.3 <2.3 <2.3
SG32-10 <3.9 <2.5 <1.9 6 <3.1 <2.7 <2.3 <2.3 <2.3
SG33-10 <3.9 <2.5 <1.9 <1.5 19 . 37 <2.3 25 <2.3
SG34-10 <3.9 <2.5 <1.9 1 <1.5 <3.1 19 <2.3 <2.3 <2.3
SG35-10 <3.9 <2.5 13 78 22 21 <2.3 12 16
SG 3 6-0L <3.9- 303 2365 i 12975 <3.1 <2.7 <2.3 12 <2.3
S036-20 <3.9 <2.5 <1.9 <1.5 <3.1 <2.7 <2.3 <2.3 <2.3
SG37-10 <3.9 <2.5 <1.9 46 <3.1 <2.7 <2.3 <2.3 <2.3
SG38-10 <3.9 1 <2.5 <1.9 52 <3.1 <2.7 <2.3 <2.3 <2.3
SG39-10 j <3.9 212 9 740 <3.1 i <2.7 <2.3 <2.3 <2.3
SG40-10 <3.9 <2.5 11 1 31 <3.1 <2.7 15 <2.3 <2.3
SG41-05 f <3.9 <2.5 <1.9 <1.5 <3.1 <2.7 <2.3 <2.3 <2.3
SG41-20 <.9 <2.5 < 1.9 <1.5 <3.1 <2.7 1 <2.3 <2.3 <2.3
SG42-20 <3.9 <2.5 <1.9 <1.5 1 16 29 <2.3 16 <2.3
SG43-10 1 <3.9 13 2 2__ 3 i 3 5 7 "7 7
SG44-10 <3.9 30 2 6 16 29 44 48 51
SG45-10 <3.9 23 4 10 1 16 37 55 64 69
SG46-10 <3.9 8 4 7 16 37 58 62 69
RAOI-05 <3.9 <2.5 L <1.9 413 1 16 21 <2.3 25 <2.3
RA02-05 <3.9 <2.5 <1.9 <1.5 <3.1 [ <2.7 <2.3 <2.3 <2.3
RA03-05 <3.9 5 <1.9 <1.5 <3.1 <2.7 L <2 <2.3 <2.3 <23
RA04-05 <3.9 <2.5 <1.9 <1.5 J <3 . <2.7 <2.3 <2.3<2.3

Note:

Sample depths are coded in sample location number. For example. Sample SGOI-10 indicates location 01 at a depth of 10 feet bgs.I
For field duplicate samples. the maximum detected analyte concentration is given (i.e., the maximum of the two values).

7)
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930,8055 CH2MHIlLL

AIR TOXICS LTD. ,FP 1993

AN ENVIRONMENTAL ANALYTICAL LABORATORY CH2M HILL
REDDING

WORK ORDER #: 9308055
Work Order Summary

CLIENT: Mr. Loren Krook BILL TO: Same
CH2MHill
2525 Alrpark Drive
Redding. CA 95001

PHONE: 916-243-5831 INIVOICE # 1593
FAX: 916-243-1654 P.O. I
DATE RECEIVED: 8/9/93 PROJECT # SAC28722.55. 10
DATF COMPLETED: 8/30/93 AMOUNT$: $1.475.00

RECEIPT
FRACTION NAME TEST VAC,Y/PR. PRICE
01A P-3D-2-- TO-14 13.b "Hg $235.00
02A P-ID jfL7/LP L2t-le--,rct..- TO-14 9.5 "Hg $235.00
03A P-33 TO- 14 13.5 "Hg $235.00
04A P-44D TO- 14 10.5 "Hg $235.00
05A CH- 10 •,•£c-z43 ,,A TO-14 5.0 "Hg $235.00
06A Method Spike TO- 14 NA NC
07A Lab Blank TO- 14 NA NC
07B Lab Blank TO- 14 NA NC
07;2 Lab Blank TO- 14 NA NC

Misc. Charges 6 Liter SUMMA Canister Preparation (5j @ $50.00 each. $250.00
Flow Controller Preparation (1) @ $50.00 each. $50.00

jx'a,.%h ,3., -" , , a ;ruduce low MDL'n.

CETIMFIED BY DATE:
Laboratory Director

180 BLUE RAVINE ROAD, SUITE B • FOLSO4, CA 95630
(916) 985-1000 * FAX (916) 985-1020
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9308055 ClH2MHILL

AIR TOXICS LTD.
SAMPLE NAME: P-3D

ID#: 9308055-0.1A
EPA METHOD TO-14 GC/MS FuU Scan

File Name: 5081606 Cate of Collection: 8W5193
Dil. Factor: 12 Date of Analysis: 8/16/93

Det. Limit Det. Limit Amount Amount
Compound (ppbv) (uGA-) (ppbv) (uGJL)
Freon 12 6.0 0.029 Not Detected Not Detected
Freon 114 6.0 0.041 Not Detected Not Detected
Chloromethane 6,0 0.012 Not Detected Not Detected
Vinyl Chloride 6.0 0.015 Not Detected Not Detected
Bromomethane 6.0 0,023 Not Detected Not Detected
Chloroethane 6,0 0.015 Not Detected Not Detected
Freon 11 6.0 0.033 Not Detected Not Detected
1,1-Dichloroethene 6.0 0,023 2900 E I 1 E
Freon 113 6.0 0.045 340 2.5
Methylene Chloride 6.0 0.020 Not Detected Not Detected
-it-Dichioroethane 6.0 -0.024 " Not Detected Not Detected
cis- 1,2-Oichloroethene 6.0 0.023 16 0-062
Chloroform 6.0 0.029 Not Detected Not Detected
1.1.1 -Trichloroetnane 6.0 0.032 120 0.64
Carbon Tetrachlonde 6.0 0.032 Not Detected Not Detected
Benzene 6.0 0.019 15 0.047
1,2-Dichloroethane 6.0 0.024 Not Detected Not Detected
Trichloroethene 6.0 0.031 2000 E 10 E
1,2-Dichloropropane 6.0 0.027 Not Detected Not Detected
cis.- ,3-Oichloropropene 6.0 0.027 Not Detected Not Detected
Toluene 6.0 0022 390 1.4
trans-1,3-Oichlorooropene 6.0 0.027 Not Detected Not Detected
1,1,2-Trichloroethane 6.0 0.032 Not Detected Not Detected
Tetrachtoroethene 6.0 0.040 44000 E 290 E
Ethylene Dibromide 6.0 0.045 Not Detected Not Detected
Chlorobenzene 6.0 0.027- Not Detected Not Detected
Ethyl Benzene 6.0 0.025 Not Detected Not Detected
m,p-Xytene 6.0 0.025 Not Detected Not Detected
o-Xylene 6.0 0.025 Not Detected Not Detected
Styrene 6.0 0.025 Not Detected Not Detected
1, 1.2.2-Tetrachlotoethane 6.0 0.040 Not Detected Not Detected
1,3,5-Trimethylbenzene 6.0 0.029 Not Detected Not Detected
1 ,2,4-Trimethylbenzene 6.0 0.029 Not Detected Not Detected
1,3-Uichlorobenzene 6.0 0.035 Not Detected Not Detected
1,4-Oichlorobenzcne 6.0 0.035 Not Oetected Not Detected
Chlorotoluene 6.0 0.030 Not Detected Not Detected
1,2-Dichlorobenzene 6.0 0.035 Not Detected Not Detected
1,2,4-Trtchlorobenzene 6.0 0.043 Not Detected Not Detected
Hexachiorobutadiene 6.0 0.062 Not Detected Not Detected
E = Exceeds Instrument calibration range, but within linear rang*,
Container Type: 6 LUter SUMMA Canister

Octafluorotoluere 100 70-130
Tolue•me-d 106 70-130
448romofluorob enzmi 90 70-130
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9308055 CH-2MH-II.L

AIR TOIXICS LTD.
SAMPLE NAME: PAiD

ID#: 9308055-02A
EPA METHOD TO-14 GC/MS FyIScan

H3t Name: 5081704 Date of Collection: 8/5/93
DiI. Factor 16 Date of Analysis: 8117/93

Det. Limit Dot. UmIt Amount Amount
Compound (ppbv) (uWL (ppbv) (uGIL)
Freon 12 8.0 0039 Not Detected Not Detected
Freon 114 8.0 0.055 Not Detected Not Detected
Chlorornetmane 8.0 0.016 Not Detected Not Detected
Vinyl Ch!oride 8&0 0.M2 20 0.050
Bromomethane 8&0 0,030 Not Detected Not Detected
Chloroetthane 8.0 04021 No Detected Not Detected
Freon 11 8.0 0 044 "o Detected Not Detected
1,1 -Dichloroethene 8.0 0.031 580 E 22 E
Freon 113 8.0 0.060 2400 E 18E
Methylene Chloride 8.0 0.027 Not Delected Not Detected
11,1 -Dicritoroethane 8.0 0-03 Not Detected Not Detected
cts- 1,2-DiChioroethene 8.0 0031 64 0,25
Chloroform 8.0 0038 8.0 0,038
1. 1, 1-Trich~oroethane 8.0 0.043 130 0.69
Carton Tetrachlor-,-e 8.0 0,043 Not Detected Not Detected
Benzene 8.0 0=5 37 0.12
I 2.2-chloroethane 8.0 0-= Not Detected Not Detected
Tnichloroethene 8.0 0.042 3200 E 17 E
I .2-Dichloropropane 8.0 0.036 Not Detected Not Detected
cis- 1,3-0iciloropropene &.0 0035 Not Detected Not Detected
Toluene 8 0 01:129 35 0.13
trans-11,3-Dichlorooropenve 8.0 003M Not Detected Not Detected
11,1 2-Tnchloroethane 8.0 0.043 Not Detected Not Detected
Tetrachloroethene 8.0 00C53 98000 E 650 E
Ethylene Dibromide 8.0 0 060 Not Detected Not Defected
Chlorobenzene 8.0 0036 Not Detected Not Detected
Ethyl Benzene 8.0 0034 Not Detected Not Detected
m~p-Xylene 8.0 0,034 Not Detected Not Detected
o-X~lene &.0 0.034 Not Detected Not Detected
Styrene 80 0,033 - Not Detected Not Detected
1, 1.2,-Tetracthloroetthane 8.0 0.414 Not Detected Not Detected
11 ,35-Trimethylbenzene 8.0 0036 Not Detected Not Detected
1,2,4-Trimethylb~enzene 8.0 0038 Not Detected Not Detected
I ,3-Dichlorobenzene 8.0 0 047 Not Detected Not Detected
1 ,4-Dtchlorobenzene 8.0 0-047 Not Detected Not Detected
Chlorotoluene 8,0 0040 Not Defected Not Detected
12.2Dichlorobenzene 8.0 00497 Not Detected Not Detected
1,2,4-rnChtorobenzens 8.0 O0M Nol Detected Not Detected
Hexachlorobutadiene 8.0 0 083 Not Detected Not Detected
E a Exceeds Instrument calibration range. but within linear ran.
Containeir Typo, 6 Liter SUMMA Canister

Octstluorotoluene 143 . '-70-130

Tokusne-da 103 70-130
4-Bromofluorobenhane 911 70-130
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9308055 CH2MHILL

AIR TOXICS LTD.
SAMPLE NAME: P-33D

ID#: 9308055-03A
EPA METHOD TO-14 GC/M[S Full Scan

File Name: 5081705/5081707 Date of Collection: 8/5/93
DO. Factor: 6.61610 Date of Analysis: 8/17/93

Dot. Lmit Det. Limit Amount Amount
Compound (ppbv) (uG/L) (ppbv) (uGA.)
Freon 12 3.3 0.016 Not Detected Not Detected
Freon 114 3.3 0.023 No', Detected Not Detected
Chloromethane 3.3 0.007 Not Detected Not Detected
Vinyl Chlonide 3.3 0.003 Not Detected Not Detected
Bromomethane 3.3 0.013 Not Detected Not Detected
Chloroethane 3.3 0.009 Not Detected Not Detected
Freon 11 3.3 0.018 Not Detected Not Detected
1.1-Dichloroethene 3.3 0.013 2600 E 10 E
Freon 113 3.3 0.025 320 2.4
Methylene Chloride 3.3 0.011 Not Detected Not Detected

11d ichlaomthane 3.3 0.-013 3.6 0.014
cis-1 .2-Dichloroethene 3.3 0.013 18 0.070
Chloroform 3.3 0.016 Not Detected Not Detected
1, 1, 1-Triclhlotoethane 3.3 0.018 110 . 0.59
Carbon Tetrachloride 3.3 0.018 Not Detected Not Detecled
Benzene 3.3 0.010 12 0.037
I ,2-Dichloroethane 3.3 0.013 Not Detected Not Detected
Trichloroethene 3.3 0.017 1900 E 10 E
1,2-Dichloropropane 3.3 0.015 Not Detected Not Detected
cis-1 .3-Dichl oropropene 3.3 0.015 Not Detected Not Detected
Toluene -3.3 0.012 280 . 1.0
trans-i ,3-Dichlorooropene 3.3 0.015 Not Detected Not Detectea
1. 1 2-Trichioroethane 3.3 0.018 Not Detected Not Detected
Tetrachioroethene 310 2.1 36000 E 240 E
Ethylene Oibronwde 3.3 0.025 Not Detected Not Detected
Chlorobenzene . 3.3 0.015 Not Detected Not Detected
Ethyl Benzene 3.3 0.014 Not Detected Not Detected
m,p-Xylene 3.3 0.014 8.6 0.036
o-Xytene 3.3 0.014 3.5 0.015
Styrene 3.3 0.014 Not Detected Not Detected
I1'11,2.2-Tetrachloroethane 3.3 0.022 Not Oetecte<4 Not Detected
1.3,S-Trnmethylbenzene 3.3 0016 Not Detected Not Detected
I 2.4-Trimethytbenzene 3.3 0.0 16 Not Detected Not Deteced
I ,3-Dichlorobenzene 3.3 0.019 Not Detected Not Detected
I 4-Dichlorobenzene 3.3 0.019 Not Detected Not Detected
Chlorotoluene 3.3 0.0 17 Not Detected Not Detected
I ,2-Dichiorobenzeise 3.3 0.019 Not Detected Not Detected
I ,2,4-Triclorobenzen 3.3 0.024 Not Detected Not Detected
Hexachlorobutadiens 3.3 0,034 Not Detected Not Detected
E a Exceeds Instrumont callbratIon range. but wItM linear rage
Container Type: 6 Liter SUMMA Canister
Comments: The second file name and dilution factor wre for Tatractloroett-n. on.

otafluom'oluen 70-130~
Toluene-dS 1102111011 70-130

4-&moIuoob~mwin11 70-130
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9308055 CH2MHILL

AIR TOXICS LTD.
SAMPLE NAME: P-4D

ID#: 93G8055-04A

EPA METHOD TO- 14 GC/MS Full Scan

File Name: 5081706 Date of Collection: 8/5/93
DII. Factor: 14 Date of Analysis: 8/17/93

Det. Limit Det. Limit Amount Amount
Compound (ppbv) (uGJL) (ppbv) (uGIL)
Freon 12 7.0 0034 Not Detected Not Detected
Freon 114 7.0 0.048 Not Detected Not Detected
Chloromethane 7.0 0.014 Not Detecled Not Detected
Vinyl Chloride 7.0 0.017 Not Detected Not Detected
Bromomethane 7,0 0027 Not Detected Not Detected
Chloroethane 7.0 0.018 Not Detected Not Detected
Frpon 11 7.0 0.038 No! Detected Not Detected
1.1 -Dichloroethene 7.0 0027 4900 E 19 E
Freon 113 7.0 0.052 12 0.0)0
Methylene Chloride 7.0 0.024 Not Detected Not Detected
1,1 -Dichloroethane 7.0 0.028 28 0.11
cis- 1.2-Dichlorcethene 7.0 0027 420 1.6
Chloroform 7.0 0.033 Not Detected Not Detected
1. 1, 1 -Trichloroethane 7.0 0037 36 0.19
Carbon Tetrachlonde 7.0 0.037 Not Detected Not Detected
Benzene 7.0 0.022 44 0.14
1,2-Dichloroethane 7.0 0.028 Not Detected No* Detected
Thchtoroethene 7.0 0.037 11000 E 58 E
1,2-Oichloropropane 7.0 0032 9.2 0.042
cts- 1,3-Dichloropropene 7.0 0031 No: Detected Not Detected
Toluene 70 0.026 1300 4.8
irns-1,3-Dichtoropropene 7.0 0.031 Not Detected Not Detected
1,1,2-Tnchloroeohane 70 0-037 Not Detected Not Detected
Tetrachloroethene 7.0 0U046 57000 E 38C C
Ethylene Dibromide 7 0 0.053 Not Detected Not Detected
Chlotobenzene 70 0.031 Not Detected Not Detected
Ethyl Benzene 7.0 0,030 Not Detected Not Detected
m,p-Xylene 7.0 0.030 Not Detected Not Detected
o-Xy!ene 7.0 0030 Not Detected Not Detectel
Styrene 7.0 0029 Not Detected Not Detected
1, 1,2,2-Tetrachtoroethane 7.0 0-047 Not Detected Not Detected
1,3,5-Trimethylbenzene 7.0 0034 Not Detected Not Detected
1,2.4-Trimethyltenzene 7.0 0.034 Not Detected Not Detected
1,3-Dichlorobenzene 7.0 0.041 Not Detected Not Detected
1,4-Dichlorobenzene 7.0 0 041 Not Detected Not Detected
Chlorotoluene 7.0 0,035 Not Detected Not Detected
1,2-D.chlorcbenzene 70 0.041 Not Detected Not Detected
1.2,4-Trichlorobenze"e 7.0 0051 Not Detected Not Detected
Hexachlorobutadiene 7.0 0 073 Not Detected Not Detected
E a Exceeds instrument callbratlon range, but within hItew range.
Container Type: 6 Liter SUMMA Canister

OctAiuorotolun• " 100. 70-130
Toluo1nd8 103 70-130
4..6rio uo m 11 706-130
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9308055 CH2MHILL

AIR TOXICS LTD.
SAMPLE NAME: CH-10

ID#: 9308055-05A
EPA METHOD TO-14 GC/MS Full Scan

File Name: 5061408 Date of Collection: 8/5/93
OIL Factor. 1.6 Date of Analysis: 8/14/93

Det. Limit Oet. Limit Amount Amount
Compound (ppbv) (uG/L) (ppbv) (uG/L)
Freon 12 0.80 0.004 Not Detected Not Detected
Freon 114 0.80 0.005 Not Detected Not Detected
Chloromethane 0.80 0.002 Not Detected Not Detected
Vinyl Chloride 0.80 0.002 Not Detected Not Detected
Bromomethane 0.80 0.003 Not Detected Not Detected
Chloroethane 0.80 0.002 Not Detected Not Detected
Freon 11 0.80 0.004 Not Detected Not Detected
1,1-Dichloroethene 0.80 0.003 Not Detected Not Detected
Freon 113 0.80 0.006 Not Detected Not Detected
M•e•h,'en, Chloride 0.80 0.003 Not Detected Not Detected
1, 1 -Dichloroethane 0.80 0.003 Not Detected Not Detected
cis-1,2-Dichloroethene 0.80 0.003 Not Detected Not Detected
Chloroform 0.80 0.004 NJot Detected Not Detected
1,1, 1-Trichloroethane 0.80 0.004 Not Detected Not Detected
Carbon Tetrachlonde 0.80 0.004 Not Detected Not Detected
Benzene 0.80 0.002 Not Detected Not Detected
1,2-Dichloroethane 0.80 0.003 Not Detected Not Detected
Trichioroethene 0.80 0 004 Not Detected Not Detected
1,2-Dichloropropane 0.80 0.004 Not Detected Not Detected
Cis-1 3-Oichloropropene 0.80 0.004 Not Detected Not Detected
Toluene 0.80 0003 Not Detected Not Detected
trans- 1,3-Dichlompropene 0.80 0.004 Not Detected Not Detected
1, 1,2-Trichloroethane 0.80 0.004 Not Detected Not Detected
Tetrachloroethene 0.80 0.005 Not Detected Not Detected
Ethylene Dibromide 0.80 0.006 ,Not Detected Not Detected
Chlorobenzene 0.80 0 004 Not Detected Not Detected
Ethyl Benzene 080 0.003 Not Detected Not Detected
m,p-XVlene .0,80 0.003 Not Detected Not Detected
o-Xylene 0.80 0.003 Not Detected Not Detected
Styrene 0.80 0.003 Not Detected Not Detected
1,1.2,2-Tetrachloroethane 0.60 0.005 Not Detected Not Detected
1,3,5-Tdmethylbenzene 0.80 0.004 Not Detected Not Detected
12,41-Trimethylbenzene 0.80 0.004 Not Detected Not Detected
1 .3-Dichlorobenzene 0.80 0.005 Not Detected Not Detected
1,4-Dichlorobenzene 080 0.005 Not Detected Not Detected
Chlorotoluene 0.80 0.004 Not Detected Not Detected
1 ,2-Dichlorobenzene 0.80 0.005 Not Detected Not Detected
1,2.4-Tntchlorobenzene 0.80 0.006 Not Detected Not Detected
Hexachtlorobutadiene 0.80 0.008 Not Detected Not Detected

Containet Type: 6 iUter SUMMA Canister

Octamltuortotne " 103 70-130-
Totuerieds 103 70-130
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9308055 CH-2,MHILL

AIR TOXICS LTD.
SAMPLE NAIME: Method Spike

ID#: 9308055-06A
EPAAIETHOD TO-14 GC/MS FullScan

File Nam*: 5C81 702 Date of Collection: NA
DOl. Factor 1.0 Date of Analysis: 8117/93

Compound (ppbv) (uGII) % Recover
Freon 12 0.50 03002 96

Freon 114 0.50 0 C03 96

Chloromethane 0.50 0001 96

Vinyl Chloride 0.50 0.001 97
Brornorethane 0.50 0 002 99
Chloroethane 0.50 0001 92
Freon 11 0.50 O0.03 94
1.1-Dichloroethene 0.50 0002 99
Freon 113 0.50 0-004 98
Methylene Chloride 0.150 0,002 92
111-Dichloroethane 0.50 0002 96
cis- 12-Oichloroethone 0.50 0002 92
Chloroform 0.50 0-002 97
1, 1. 1-Trichloroetthane 050 0.003 99
Carbon Tetrachloride 0.50 0003 92
Benzene 050o 0002 98
1.2-Dichlc~oethanes 0.50 0,002 94
Tnchloroethene 0.50 0-.003 101
1.2-Dichloroproparie 0.50 0.002 96
cis- 1,1-Dichlorop~opene 050 0002 86
Toluene 0ý50 0002 103
trans-i .3-Dichl',ropropene 0.50 0002 78
1, 1.2-Tricriloraethane 0 50 0003 91
Tetrachloroemene 0.50 0.003 99
Ethylene Oibrormde 0.50 0 V04 84
Chlorobeozene 0ý50 0.002 86
Ethyl Berzeno 0.50 0.002 94
m.:)-Xylene 0.50 0002 92
o-Xy'ene 0,50 0002 90
Styrene 0.50 000.2 78
1. 1,2,2-rTetrachlaroethane 0 50 0f.)03 84
¶ ,3.5-Tnmethyltbenzene 0 so 0.002 83
1.2.4-Tnimethylbeenzene 050 0002 78
I .3-0ichlorobeonzene 0 50 G 003 &4 0
1,4-Dichlorobenzene 0 50 0003 600
Chlor',toluene 0.50 0003 Not Spiked
1.2-Dichlorobenzene 050 0.003 620
1,2.4-Trvchlwobenzet.e 0.50 0004 470
He~xachlorobutadiene 050 0005 87
o Exceeds Quality Control limits of 70% to 130%.
Conitainer Type: NA

OctAflunrotokeiuen us 70-130
Toiueno-dS 102 70-130
4.OmrnomouorbnA zan, go 70-130
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9308055 CH2MHILL

AIR TOXICS LTD.
SAMPLE NAME: Lab Blank

ID#: 9308055-07A
EPA METHOD TO-14 GC/MS Full Scan

File Name: 5081403 Oato of Collection: NA
0I1. Factor:. 1.0 Date of Analysis: 8/14/93

Det. Limit Det. Limit Amount Amount
Compound (ppbv) (uGA.) (ppbv) (uGIL)
Freon 12 0.50 0.002 Not Detected Not Detected
Freon 114 0.50 0.003 Not Detected Not Detected
Chloromethane 0.50 0.001 Not Detected Not Detected
Vinyl Chloride 0.50 0.001 Not D,.tected Not Detected
Bromomethane 0.50 0.002 Not Detected Not Detected
Chloroethane 0.50 0.001 Not Detected Not Detected
Freon 11 0.50 0.003 Not Detected Not Detected
1,1-Dichloroethene 0.50 0.002 Not Detected Not Detected
Freon 113 0.50 0.004 Not Djtected Not Detected
Methylene Chloride 0.50 0.002 Not Detected Not Detected
1) -Di•loroethane 0.50 0.002- Not Detected Not Detected
ci,3-1,2-Dich'oroethene 0.50 0.002 Not Detected Not Detected
Chloroform 0.50 0.002 Not Detected Not Detected
1,1.1 -Trichloroethane 0.50 0.003 Not Detected Not Detected
Carbon Tetrachloride 050 0.003 Not Detected Not Detecteo
Benzene 0.50 0.002 Not Detected Not Detected
1,2-Dichloroetnane 0.50 0.002 Not Detected Not Detected
Tnchloroethene 0.50 0.003 Not Detected Not Detected
1,2-Dichloropropane 050 0.002 Not Detected Not Detected
cis-1,3-Dichloroorooene 0.50 0.002 Not Detected Not Detected
Toluone 0.50 0.002 Not Detected Not Detected
trans- 1,3-Dichloropropene 0.50 0.002 Not Detected Nut Detected
1,1,2-Tnchloroethane 0.50 0,003 Not Detected Not Detected
Tetrachloroethene 0.50 0.003 Not Detected Not Detected
Ethylene Dibromide 0.50 0.004 Not Detected Not Detected
Chlorobenzene 0.50 0.002 Not Detected Not Detected
Ethyl Benzene 0.50 0.002 Not Detected Not Detected
mp-Xylene 0.50 0.002 Not Detected Not Detected
o-Xylene 0.50 0.002 Not Detected Not Detected
Styrene 0.50 0.002 Not Detected Not Detected
t,1,2,2-Tetrachioroethane 0.50 0.003 Not Detected Not Detected
1,3,5.Tnmethylbenzene 0.50 0002 Not Detected Not Detected
1,2,4-Trimethyltbnzene 0.50 0.002 Not Detected Not Detected
1,3-Dichlorobenzopn 0.50 0.003 Not Detected Not Detected
I,4-Dichlcrobenzene 0.50 0.0%3 Not Detected Not Detected
Chlorotoluene 0.50 0.003 Not Detected Not Detected
t ,2-Dichlorobenzene 0.50 0.003 Not Detected Not Detected
1,2,4-Tnichtorobenzene 0.50 0.004 Not Detected Not Detected
Hexachlorobutadiene 0.50 0.005 Not Detected Not Detected

Container Type, NA

Octmtluorotoluene 104 70-130
Toliammn.d 100 70.130
"4-romotloorolo.n• n 37 70-130
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"I).)108955Cr2HL

AIR TOXICS LTD.
SAMNPLE NAME: Lab l3aiik

ID#: 9308055-07B
EPA METHOD TO-14 GC/MS Full Scan

File Name: 5081604 Date of Collection: N!A
Oil. Factor: 1.0 Data of Analysis: 8/16/93

Det. Umit Oei. Lim'-, Amount Amount
Compound (ppbv) (u GJL ~ (lijpb) (uG/h)
Freon,, 12 0.50 0 002 Not Detected Not Detected
Freon 114 0.50 0 003 Not Detected Not Detectec
Gh~cromethane 0.50 U 001 Not Detected Not Detecteo
Vinyl Crfloride 0.50 0.001 Not DeeEcteo Not Detected
iGromomethane 0.50 0 'X0*2 Not Detected Not Detected
Chloroethane 0.50 0 001 Not Detected Not Detected
Freon 11 0.50 0 003 Not Detected iiot Detected
I .1-Dichloroethene 0 50 0002 Not Detected Not Detected
Freon 113 0.50 0.004 Not Detected Not Detected
Methylene Chlofr.a 0 50 0002 Not Detec:ed No! Detected
1.1-Dichloroethane 0.50 0002 Not Detecled No! Detectec
cis- 1 ,2-Dichloroethene 0.50 0 002 Not Detected Not Detectec
Ch~orcform 0 50 0 002 Not [)etected Not DetecteC
1, 1,1. -Trichloroethane 0 ý0 0 03 Not Detected Not Detectec
Carbon Tetrachioride 0.50 0 003 Not Detect,?d Not Detectec
Ben~ene 0,50 0 002 Not Detected Not Detectec
I .2-Dichloroethane ().50 0 002 Not Detected Not Detectec
Trichloroethene 0.50 0 003 Not Detected Not Detecte
1,2-Dichloropropane 0.50 0.002 Not Detected Not Detc,:Lcc
cis-I .3-Dichloropropene 0.50 0 002 Not Detecteu Not Detectec
Toluene 0 50 0 0C02 Not Detected Not Detectec
trains- 1,3-Dichtoropropene 0 50 0 X02 Not Detected Not Detectef
1,1.2-ric.ntoroethane 0 50 0003 Not Detected Not Detectet
Tetrachlooethene 0 50 C 003 Not Detected Not Detectec
Ethylene Dibromide 0 50 0 004 Not Detected Not Detectec
Chlorobenzene 0.50 0 002 Not Detected Not Detectec
Ethyl Benzene 0 50 0.002 Not Detected Not Detectec
m~p-Xylene 0 50 0.002 Not Detec~gd Not Deiectec.
o-Xyiene 0.50 0,002 Not Detected Not Detectec
Styrene 0.50 0.002 Not Detected Not Detectec
1,1,2,2-Tetrachloroelthane 050 0003 Not Dete-ted N',t Detecte(
1 ,3,5-Trimethylbenzene 0.50 00202 Not Detected Not Detectec
1 .2,4-,rrlmethylbenzene 0 50 0 002 Not Detecti-d Not Detecte(
I ,3-Dichlorobenzene 0.50 0003 Not Deiected Not Detectek
I .4-Dichlorobenzene 0 50 0 003 Not Detectea Nat Dotectet
Chlorotoluene 0 50 0 003 Not Detected Not Detectel
1 2-Dichtorobenzene 0 50 0 003 Not Detected Not Deterte(
11,2,41-Tnchlorobei'zene 0.50 0004 Not Detected Not Detectet
Hexarh'orobutadiens 0.50 0 005 Not Detected Not Detectet

Container Type: NA

zuwmwtu ilfthwUm~ts
Octafluoriotolluen. 104 TNI30
Tolluerv-dil 104 70-130

4-roofuromigr.69 70)1.50
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9308055 CH2MHI.LL

AIR TOXICS LTD.
SAMPLE NAME: Lab Blank-

If'#: 9308055-07C
EPA METHOD TO-14 GC/MS Fuil Scan

File Name: 5081703 Date of Collection: NA
Dil. Factor: 1.0 Oats of Analysis: 8117,193

Det. Limit Oet. Limit Amount Amount
Compound (ppbv) (uG/L) (ppbv) (SI
Freon 12 0.50 0.002 Not Detected Not Oez.c~ed
Freon 114 0.50 0-003 Not Detected Not Detected
Chloriomethane 0.50 0.001 Not Detected Not Dpttecyea
Vinyl Chloride 0,50 0.001 Not Detected NJot Detectej
Bromnomethare 0.50 0,002 Not Detected No* Detected
Ci loroethane 0.50 0.001 Not Detected Not Detected
Freon 11 0.50 0ý003 Not Detected Not Detc. -eo
1.1-Dichloroetnene 0.50 0,002 Not Detected Not Detected
Freon 113 0.50 0.004 Not Detected Not Detected
Methylene Chlonide 0.50 0.002 Not Detected Not Detected
1. 1-Dichlorciatnane 0.50 0.002 Not Detected Not Detected
cis- 1 2-Dicrilorovthene 0.5c 0,002 Not Detected Not Detected
Chloroform 0.50 0.002 Not Detected Not Detected
1,.1, 1 -1Trichloroerhane 0.50 0.003 Not Detected Not Detected
Carbon Te~r,3crionde 0.50 0.003 Not Detected Not Detected
Benzene 0.50 0,002 Not Detected Not Detected
1.2-Dfchloroethane 0.50 0-002 Not Detected Not Detectedj
Trictloroettreno2 0.50 0 003 Not Detected Not Detected
1.2-Dichloroo~oo-ane 0.g)0 0002 Not Omntced Not O~eie,:P~d

c~s-lI,3-D~cr*,cmrorropene 0.50 0 002 Not Detected Not Detected
Toluene 0.5ý_ 0 002 Not Detected Not Getielcte
trans- 1,1-Dichloroproce'ne 0O50 0 002 Not Detected Not Detoected
1, 1,2-Trichforcetnare 0 50 0 003 Not Detected Not Detected
Tetracotoroettnere 0 50 0 003 Not Detected Not Detecied
Ethylene Dibrcrrmde 0.50 0 004 Not Detected Not Detecled
Chlurobenzene 0 50 0 002, Not Detected Not Detected
Ethyl Blenzene 0 50 0.002 Not Detected Not DetecTed
m.p-Xylene 0 50 000 2 Not Detected Not Oeterled
o-Xylenea 0.SC 0002 Not Detected Not Detected
Styiene 0,50 0 002 Not Detected Not Detectedtf-
1, 1.2,2-To~ract- oroethane 0110 0003 N-t Detected Not Detected
I .3,5-Tnmnethyoe_ýnzene 0 51 0002 N-t De!!lcted Not Detfecied
I 2.4-Tnmnthytrenzene 0 Flo 002 Not Detected Not Dotocted
1,3- Dichlorobenzerte 0 50 0 001 Not Dete.cted Not Detected
1,,*-Dichlorooen 'ene 0 50 0003 No' Detected Not Detecte~d
Ghlorotoluene 0 S0 0 003 Not Dotected Not D)etected
1 .2 Dihloronenzere o 50 0003 Not Detected Not Detected
1 ,2.4-Trrchlorob~er'eno 050 . 0004 Not Dotwned Not Detected
Hrxaclcirnoutadiene 00 0005 N.i~ Detected Not Detected

Container Type-

Ocalurotlute103 70-130
Toluene-dS 103 70130
443rorno(ILuoobeirzae 37 70-130
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TECHNICAL MEMORANDUM B CMHILL

PREPARED FOR: Davis RI/FS Report

PREPARED BY: Sara Monteith/CH2M HILL, Redding
Fritz Carlson/CH2M HILL, Redding
Loren Krook/CH2M HILL, Redding

DATE: September 9, 1993

SUBJECT: Air Permeability Testing
Davis Global Communications Site
Delivery Order No. 5055

PROJECT: SAC28722.55.18

Purpose

This technical memorandum provides a summary of the installation of soil vapor
monitoring wells (SVMWs), testing equipment and procedures, test results, and inter-
pretation at the Davis Site. The purpose of the air permeability testing program was
to quantify the properties of the vadose zone that control the movement of air. The
testing program described herein was conducted as part of an investigation of vadose
zone and saturated zone contamination at the Davis Site. Volatile organic
compounds (VOCs) have been detected in gas samples taken from the vadose zone.
Such chemicals could be a long-term source of contamination for the groundwater in
the underlying saturated zone. VOCs may be readily extracted from -he-vadose zone
using soil vapor extraction (SVE) methods. This testing program was performed to
provide preliminary information that could be used to design the SVE system at the
Davis Site.

Introduction

Terminology

In this discussion, the term "permeability" refers to the intrinsic permeability of the
porous medium. The term "air conductivity" refers to the ability of the medium to
conduct air and is analogous with the term "hydraulic conductivity" that is used to
measure the ability of the porous medium to conduct water. The intrinsic perme-
ability is independent of the moisture content of the porous medium and is indepen-
dent of the fluid moving through the porous medium. It is well established that the
hydraulic conductivity of a porous medium is a function of moisture content. The
wetter the pores get, the higher the hydraulic conductivity. The maximum hydraulic
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conductivity is when all the pores are full of water; this is the saturated hydraulic
conductivity that is typically measured in •o,.fr tests. In a similar way. the conduc.
tivity to air moving in the vadose zone is sensitive to the moisture content in the
vadose zone. As the pores become wetter, the conductivity to air will decrease. Con-
versely, as the pores become drier, the permeability to air will increase.

The "air transmissivity" is equal to the air conductivity times the thickness of the
permeable zone.

In this discussion the term "aerifer" is used to describe a geologic unit through which
air can flow to an extraction well. This term is analogous with the term "aquifer" as
used in the saturated zone. Similaily, the term "aeritard" is used to describe a geo-
logic unit that retards the flow of air. Aeritard is analogous with the term aquitard
used in the saturated flow of groundwater.

Description of Field Activities

The air permeability testing was conducted from January 6 through January 14, 1993.
This was a period of heavy rainfall at the site. Rainfall amount and test dates are
shown in Table B-1.

Table B-I
Rainfall at Davis. California

,JanuJary 6 through January 14. l"3
D)ate Rainfall (in.) Air Permeability Test

January 6 0.24 CH- I

January 7 2.19 CH-4

January X 0,30 None

January 9 0.04 None

January 10 0.04 None

January I I ( None

January 12 0 None

January 13 2.97 C14-5

January 14 0.68 None

The configuration for evaluating air permeability at the Davis Site consists of the
following:

Five SVMWs, CH-1 through CH-5

l~2111t7!4f)I) {D( (xmv RIL1A B-2



Four "shallow" piezometers, P-1S, and P-3S through P-5S (adjacent to

CH-1, and CH-3 through CH-5, respectively)

* One intermediate-depth piezometer, P-2M (adjacent to CH-2)

Four "deep" piezometers, P-1D, and P-3D through P-SD (adjacent to
CH-1, and CH-3 through CH-5, respectively

Well locations were selected using results of the shallow soil gas sampling described
in Appendix A, Soil Gas Investigation (locations of soil gas sampling given in
Figure A-1). The wells were placed in boreholes advanced with an 8-inch hollow-
stem auger by Westex Drilling of West Sacramento. The piezometers were placed in
an adjacent 8-inch borehole. Standard Penetration Tests were performed at
approximate 5-foot intervals, and soil samples were logged in general accordance with
the Unified Soil Classification System (ASTM D 2488). Locations and elevations of
the wells and piezometers were surveyed by CH2M HILL using nearby existing wells
as a reference. Boring logs and well construction diagrams are included in
Appendixes Q and S, Lithologic and Geophysical Logs, and Well Construction Data,
respectively.

The SVMWs consist of 2-inch-diameter Schedule 40 PVC with a screened interval of
10 feet; except CH-2, with a screened interval of 2 feet. The piezometers are con-
structed of 1-inch-diameter Schedule 40 PVC, with a screened interval of 2 feet for
shallow piezometers, 5 feet for the intermediate-depth piezometer, and 10 feet for
deep piezometers. A summary of well and piezometer details is provided in
Table B-2. Soil vapor monitoring well and piezometer locations are shown in Figure
B-4 (page B-13).

Groundwater levels were measured prior to and following air permeability testing.
The screened interval, of the deep piezometers were submerged, andctherefore
unavailable for monitoring during testing. A summary of groundwater measurements
is provided in Table B-3 (wells not listed are screened above the groundwater table.).

Subsurface Conditions

In general the subsurface conditions at the Davis Site consist of clay with moderately
continuous lenses of sand and silty sand, and less common lenses of gravel. The soil
profile has been divided roughly into five zones, "A" through "E". The upper zone,
designated the A zone, extends from the ground surface to 65 feet below ground sur-
face (bgs), and contains one or two layers with increased permeability (aerifers). The
first is located between 13 and 18 feet bgs, and the second is between 25 and 35 feet
bgs. The B zone is located between 65 and 95 feet; the C zone between 95 and 145
feet bgs; the D zone between 145 and 195 feet bgs; and the E zones between 195 and
245 feet bgs. These zones are quite variable in thickness and are somewhat
discontinuous laterally. The SVMWs and their associated piezometers are screened
within the A aerifer and the B aquifer.

00MRDD (D"a R•s) B-3



Table B-Z
Summary of Wel and Pleimeter Details

WeW ScreeneJ Gravel Pack Description of Soil
Plezometer FMevatlon Interval Interval Adjacent to the

No. Description (feet mis) (feet bgs) (feet bgs) Screened Interval

CH-E 2-inch well 26.4 25 to 35 21 to 37 Sandy Silt!Silty Sand

P-IS i-inch piezometer 26.4 14 to 16 13.5 to 17 Clay w/trace Sand

P-1D 1-inch piezometer 26.4 -18 to 59 43 to 60 Clay w/Sand

CH-2 2-inch well 25.9 14 to 16 13.5 to 17 Silty Sand/Sandy Silt

P-2M i-inch piezometer 25.9 30 to 35 28 to 36 Sand and Gravel w/Silt

CH-3 2-inch well 25.6 22 to 32 20 to 33 Sand w/Gravel and Silt

P-3S I l-'nch piezometer 25.6 15 to 17 14.5 to 18 Sand and Silt

P.3D 1-inch piezometer 25.6 48 to 58 46 to 60 Clay

CH-4 2-inch well 25.3 27 to 37 26 to 40 Sand w/Clay and Silt

P-4S 1-inch pimometer 25.3 17 to 19 15 to 20 Clay

P-41 1-inch piezometer Z.3 45 to 55 41 to 56 Clay

CH-5 2-inch well 2.-2 28 to 38 26 to 39 Clayey Sand/Clave Gravel

P-5S i -inch piezocneter 2.82 18'to20 17 to22- Sandy Clay

P-SD !-inch piezorneter 28.2 45 to 55 43 to 55.3 Clay

Table B-3

Summary of Groundwater Measurements

Depth to Groundwater Elevation of Groundwater
(lfeet bgs) (feet msl)W elliPteunneter ... .. ... . ..... ....

No. 1114/92 1114/92 1.9114/92 1/14193

P-ID 39.85 .36.17 -13.5 .9,8

P-3D 38.76 35.32 -13.2 -9,7

CI-4 36.47 35.11 -11.2 -9.8

P-4D 38.63 35.32 -13.3 -0.0

P-5D 40.70 38.42 .12.5 .10.2

Test Equipment and Procedure

In generalthe air permeability tests were performed by removing air at a constant
rate from a selected SVMW, termed an "extraction well," while monitoring transien!

1l00 12917I ROD (Davis R111-iN) B-4



subsurface pressures at selected SVMWs and piezometers. Effluent vapors were

treated using carbon filtration prior to discharge to the atmosphere.

Test Equipment

The test equipment used during air permeability testing consisted of a vacuum source
at the extraction well and pressure monitoring instruments at SVMWs and piezo-
meters. Additional test equipment included an air flow rate measuring device and
emissions treatment. A listing of the specific equipment used is given below:

Vacuum source was a Roots/Dresser Universal RAI Rotary Lobe
Blower powered by a 10-kilowatt generator (single-phase, 240 volts, 30
amps).

Flow rate was measured with a Delta TubeR averaging pitot tube system
with direct reading of actual cubic feet per minute (acfm) air flow using
a Mid-West Instrument Model 130 differential pressure gage (30 to 130
acfm range).

Drawdown at the extraction well was measured with a mercury man-
ometer with a 12-inch range of mercury.

* Drawdown at the SVMWs and piezometers selected for observation was
measured using various combinations of U-tube manometers (24-inch
water range), incline manometers (3-inch water range), and Magnehelic
gages (2-inch, 20-inch, and 80-inch water ranges). Connections to the
SVMWs and piezometers were fabricated in the field as required.

* Ambient pressure was monitored with a Hermit M6del C data logger
with a PXD-360 barometric pressure transducer (8 to 16 pounds per
square inch actual (psia) range).

* Emissions were treated with a granulated activated carbon filter at the
discharge of the blower.

* System "plumbing" consisted of air stream dilution valves (integral to the
blower unit), 2-inch-diameter rigid wall pump suction hoses with quick-
connect camlock connectors, and a ball valve at the extraction well to
igolate the hinwer system from the wellhead.

Connections of the blower to the extraction well were made with the
camlock hoses described above.

Procedure

The air permeability testing procedure used at the Davis Site is given below. Modifi-
cation to this procedure may be required for differing site conditions.

IMIX=297,D (Dr* RWS) B-5



Seal each SVMW and piezometer and connect the selected pressure
measuring device. Check for leaks. Zero the pressure measuring
device, record reading, and note time and location. Monitor pressures
for a time sufficient to establish background conditions. Record
ambient atmospheric pressure each time the wellhead pressures are
recorded.

2. Connect the blower to the extraction well and begin preliminary tests to
measure extraction and monitoring well responses to varying applied
vacuums ("step test").

Apply maximum vacuum at the extraction well and record the corre-
sponding flow rate., At approximate 2-minute intervals, reduce the
applied pressure until approximately 75, 50 and 25 percent of the origi-
nal pressure is produced. Note the flow cate and corresponding
pressure each time. Reverse test and step pressure back up. Repeat
this cycle until consistent results have been achieved.

3. Allow subsurface pressures at the observation wells to return to back-
ground leve!s. If necessary, relocate manometers and gages to optimize
instrument scales to the expected range of pressure decrease during
loncer-term air extraction.

4. Based on the results of the step test, determine the optimum extraction
flow rate and pressure. Factors influencing this selection will include
extraction well screen saturation due to water table upwelling, pressure
and flow rate measuring instrument scales, emissions treatment unit
capacity, and blower limitations. Generally, select the highest practical
vacuum that will result in a stable, measurable flow rate. Allow for
adjustment of flow and pressure during the test. Measurements may
drift from initial values. Avoid beginning the test with adjusting valves
in full-open of full-closed positions.

5. Begin the pressure drawdown test (air permeability test).

Extract air at a constant rate and measure pressure decreases at the
extraction and observation wells as functions of time. Take readings at
minimum 10-minute intervals for the-first log cycle (100 minutes), and
at minimum 30-minute intervals for the duration of the test. Plot time
versus pressure decrease data for each well using a logarithmic scale for
time.

6. Continue the test for at least 4 hours or until observation well pressures
stabilize.

7. At the conclusion of the test, close valve between the extraction well
and the vacuum, but maintain a sealed system. Monitor the "recovery"

bOoIZ91l7RDD (Damis KRItJ) B-6



of the extraction well and observation well until the residual vacuum is
less than 10 percent of the maximum applieaI vacuum.

A step test was performed at Wells CH-1, CH-4, and CH-5. The range of flow for
the step tests varied from 10 to 100 percent of the full vacuum of the biower. Results
are shown on plots in Attachment B-I at the back of this appendix.

Following air permeability testing at each extraction well, recovery was monitored for
1 to 2 hours. Plots of well recovery are attached at the back of this appendix.
(Recovery at CH-5 was complete within 10 minutes. Therefore, no plot of recovery
at CH-5 is provided.)

Test Results

The data from the tests are presented in Figures B-I through B-3 and in Tables B-4
through B-6. Several key findings can be observed by examination of the test results:

Drawdown was observed in monitoring points located several hundred
feet from the pumping wells.

* At the same radial distance from the pumping well, there was less draw-
down observed in the unpumped zone compared to the pumped zone.

* The apparent extent of influence of pumping was larger in the CH-5
tests than in the others, possibly due to the sealing effect of infiitrating
rainfall.

Tabhi H.-4

Suinmarty or Alt Penneab•it TeMt at ltractsa Wetll ('11-I

DoIe: 1i&93

Duratlon: -SWit minutes 101:4S to 16:12)
Fklo, 110 schn

Drowdown al extlracion well): 21.1 Inches 11,(0

I)Liance from CUI-I ti Druwdeown Measured After 500

Monitorin1 Welil Minutes
Monitaing WeDl Na, (freE tinches 11,O)

P IS 40 19

(if Z,) I 1.42

P2M ea)¶ I

('l- "1034 05

P AiS 10.45 10i

(11-4 179) , 19

('11 1 _U40 O10

Note: O)rawdown is used herf a a measure i-f the diffrence herwnetI -temphernc c(mdilitons and the vacuum

measured in the aenfer.
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Table 8-5
Summary of Air Permeability Test at E-viadtiai Weri C11-4

Date: 117,93

Duratimn: •,.)0 minutes I10:
4 5 

to 16:z0)

Flow: 70 acfm
Drawdown (at extraction weili: 84.3 inches 11,0 after W,6 minutes. iecreabed to 3.4.0 inches 11,0 after 40m)

ninuEts.

)istance From Ci1-I to l)nrwdown Measured Alter 4W14

Monitoring Well Minutes

Monitoring Well No. ;feet) (inches 11,0)

1-9"1
?-IS 1"5,o4

('11-2 #1!0 ,

IP-M 1,74 A 0

C( 1 -3 1 546 11t €

P-3S In1. I -79)

P4S 36 550

C[1-5 1 215.0 Ott)

Note: Dranwdowni is used here as a measure o, the difference hetween atmosphent: conditions and the vacuum

meaisured tit the aenfer.

Table B.6
Summary o1 Air Permeability Test at Fxtructlmo Well Cll-.

[)sit: ljl 3/93

Duration: -350 minutes (13:45 to 17:35)

Flow: 1010 mcfm
D~rawdown ist extraction well): 44.2 Inche* I|,O

)ILDuance From ('li- to i)r) rwdo.t Mpe*.urrd kiter 354.)

M.onitoringt Well M[inutes

MonitoringI Well No. (("It) (Inhes )|-,O)

('}{ I•4l1 33

C.U 1 2.34o25

(C 1-2 "2.o4 (1 0

t1 2.,t 2.l 0 I 1i

('If 4 '" - - 1)o

(l-is 21M5 0,1

N.,e l)r:twd,,wn is 1,.ed here as at measure ti the difterente betwem Antwphenlc condidtions md the ',atutm

mec.aured in the .ienfr'

The draiwdown surrounding each of the extraction wells near the conclusion of the
tests is shown on Figures B-4 through B-6. These plots of the actually measured
drawdown are usetul for showing the quasi-steady-state area of influence of the
extraction wells. However, in order to model the flow of gas in thb vadose zone for
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designing an efficient multiple well extraction system, the properties of the aerifers
must be quantified.

On the basis of the preliminary observation of the test data, it was decided to fit the
test data to an analytical model of flow in multiple aquifers (Hemker, 1987) based on
the assumptions of Massmann, 1989. (Massmann assumes that existing models for
groundwater flow in saturated porous media can be used to model flow of air in
unsaturated porous media given appropriate corrections for fluid viscosity and
density.) A copy of Massmann is included at the back of this technical memorandum
as Attachment B-2. The assumptions included in this model are summarized in
Table B-7.

Table B.7
Assumptions and Limitations In Applying Groundwater Flow Models for

Evaluation of Gas Flow In the Vadose Zone (after Massmann, 1989)

Assumption Umitation

The equation of motion for' gas trallsp.. c-: In fine-grained materials, Darcy's Law underestimates discharge by
be approximated using an' equation similar to neglecting slip flow;, however, assumption is likely a valid approximation
Darcy's Law. for flow in sands and gravels.

Effects of diffusional flow are negligible. Valid assumption for predicting pressure distributions.

Vapor behaves as ideal gas. Valid approximation for temperature and pressure conditions typical of
vapor extraction systems.

There is constant and uniform porosity. Porosity will generally vary with time and with location due to natural
variations in geologic materials and due to temporal and spatial variations
in moisture content.

Gravtational effects are negligible. Valid assumption for vapor extraction applications.

Compressibility of the porous medium is Valid assumption because the compremqibility of the porous medium is
negligible. small compared to the compressibility of the vapor.

Gas transport can be modeled using the Valid assumption for pressure variation on order.of-one-half n
equation for incompressible flow. atmosphere and less.

Molecular weight is uniform. Molecular weight will vary with gas composition; variations will generally
be small for typical applications of methane control and organic vapor
recovery.

N
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The model describes the transient flow of fluid in "n" aerifers and n+ 1 aeritards, tak-
ing into account storage in both the aerifers and aeritards. Based on examination of
the stratigraphy, the application and multiple aerifer flow model for the Davis Site
included two aerifers and three aeritards. A multiple aerifer system that includes n
aerifers and n+ 1 aeritards requires (4n+2) parameter values (aerifer transmissivity,
aerifer storativity, aeritard storativity, and aeritard conductance) to describe the
transient response of the aerifer system to pumping. For the Davis Site, this means
that as many as 10 parameters would need to be defined. Traditional curves match-
ing approaches to aquifer testing are appropriate for estimating only two or three
parameters. Therefore, a computer-based technique for test evaluation is appropriate
to evaluate this test (Kruseman and de Ridder, 1991).

The approach used in the interpretation of these data is outlined below.

Develop a conceptual model of the hydrogeologic system at the site
including stratigraphic units and boundary conditions.

The hydrogeologic system at the Davis Site consists of complexly
interlayered aquifers and aquitards of varying thicknesses and lateral
continuity. The interpretation of test data collected from vadose zone
systems of this type typically requires the use of a methodology that can
account for leakage between aerifers and drawdown in one aerifer in
response to pumping in an adjacent aerifer. Based on the stratigraphy
observed in drilling at the site, the vadose zone existing at the time of
testing was subdivided into two aerifers and three aeritards. The upper
boundary of the modeled domain was assumed to be at a constant pres-
sure.

Starting from reasonable parameter estimates for aerifer-transni' ssivity
and aeritard vertical resistance, an iterative procedure was used to
improve the fit between observed and calculated drawdown values by
adjusting the unknown parameter values.

The method chosen to obtain parameter estimates from the observed
drawdown data is a computer program known as MLU (Hemker, 1992;
Hemker and Maas, 1987). MLU is a transient, multiaquifer simulation
that uses a least squares, curve-fitting algorithm to calculate aquifer and
aquitard parameters (Aquifer Transmissivity (T), Aquifer Storage
Coefficient (S), Aquitard Resistance (R), and Aquitard Storage
Coefficient (S')) based on time-drawdown data collected during aquifer
tests. The solution technique accounts for both leakage between
aquifers and storage of water in the aquitards and aquifers. Any
number of parameters can be fixed, based on prior knowledge of their
approximate values, and the program estimates the values of the
remaining parameters.

7)
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MLU is an analytical model for the flow of groundwater in the
unsaturated zone. However, the conditions that occurred during the air
conductivity testing at the Davis Site appear to meet the assumptions
described in Table B-8. For example, the maximum drawdown in the
tests was only on the order of 0.1 atmosphere.

When adjustments to the parameter values during the iterative process
become sufficiently small as to not significantly improve the fit, the
iterative process is stopped.

As a check on the accuracy of the parameter values, the observed draw-
down values are compared with drawdown data calculated using the
parameter values (see Figures B-4 through B-6). However, it must
always be remembered that there are a number of combinations of
parameter values that could yield a good fit with the observed data.

Test Evaluation

The test data for Wells CH-1 and CH-4 were evaluated using MLU. The results of
that analysis are shown on Table B-8.

Table B-8
Results of Air Conductivity Testing

Vadose Zone Property CH-1 CH-4 CH-5

Air transmissivity of the upper permeable zone 200 120
(ft21day)

Air transmissivity of the lower permeable zone 3.8 4.9 340
that was pumped (ft2lday) ___-___

Vertical Resistance of the upper confining layer 77 200

(day)

Vertical Resistance of the middle confining layer 35 1.9 2900
(day)

Storativity of the upper permeable zone 0.00004 0.00004
(unitless) (assumed) (assumed)

0.00004
Storativity of the lower permeable zone 0.00008 0.00008 (assumed)
(unitless) (assumed) (assumed) ,_(assumed)

The test of Well CH-5 yielded results that were not readily evaluated using a
two-aerifer model. The test began when there was a positive pressure in the vadose
zone. Since this was the last test to be run, one possibility is that the air in the
vadose zone was trapped beneath a downward-moving wetting front of low air perme-
ability so the vadose zone air could not readily escape. In essence, the wet surface
soils acted as a temporary cap over the area that increased the area of influence over

10012917,RDD (Davis RI/P) B-17



what may typically occur when the soils are dry. Another reason that the CH-5 test
could not be readily evaluated was that all the monitoring wells were located 200 feet
from the pumping well. At those distances from the pumping well at the fringe of the
cone of depression, each aerifer would act similarly, so there is little information that
could be used to quantify' the properties of a two-aerifer system. Therefore, the CH-5
test was evaluated using a single-layer model.

Based on the single-layer evaluation of the CH-5 test, the transmissivity results are
similar to that derived for the two-layer model. The vertical resistance of the surface
soils measured during the CH-5 test is about one order-of-magnitude higher. consis-
tent with the hypothesis that a low conductivity wetting front had infiltrated the sur-
face during the test.

Discussion of the Results

The air permeability test at the Davis Site yielded adequate results for estimtating the
properties of the aerifers and aeritards at the site that can be used to help design a
soil vapor extraction system. However, it must always be kept in mind that the con-
ductivity to air moving in the vadose zone is sensitive to the moisture content in the
vadose zone. As the pores become wetter, the conductivity to air will decrease. Con-
versely. as the pores become drier, the permeability to air will increase. At the
present time, there are no site-specific data that could be used to quantify the rela-
tionship between moisture content and the air conductivity.

Recommendations

Air permeability results were used as input data for modeling of airflow in the vadose
zone at the Davis Site. A discussion of the air modeling and SVE requirements are
presented in Appendix I. Refer to Appendix I for details on the design and
operation of the proposed SVE system. Using the results generated from the air
permeability testing, the following recommendations have been formulated:

The five existing SVMW can be used as SVE wells during operation of
an SVE system. Flow rates up to I(X) scfm can he applied to the
existing 2-inch wells.

* At this time, no additional SVE wells are needed for an SVE system.

* If additional SVE wells are needed for soil vapor capture, the wells
should he no smaller than 4 inches in diameter.

* Additional air permeability testing during the dry season may result in
different air permeability values because of differing antecedent
moisture conditions.
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TECHNICAL MEMORANDUM C(a) C0f HIII

PREPARED FOR: Davis RI/FS Report

PREPARED BY: Jim Thayer/CH2M HILL, Redding

DATE: September 9. 1993

SUBJECT: Treated Groundwater Reuse Soils Investigation
Davis Global Communications Site
Delivery Order 5055

PROJECT: SAC28722.55.12

Purpose and Scope

The purpose of this technical memorandum is to present the field and site testing
data, laboratory analyses, and the overall site soil suitability evaluation for land
application of treated groundwater on the Davis Global Communications Site (Davis
Site) in Yolo County, California. The scope of this effort has been a feasibility-level
investigation of the site soils to supplement information presented in the Final Davis
Global Communications Site Intermediate Remedial Design Report, CH2M HILL June
1993.

Background

The proposed 55-acre irrigation site is located in the northern half of the northeast
quarter of Section 31, Ti IN R3E and bounded on the north by County Road 35 near
the Yolo-Solano County line, southeast of the City of Davis. The Davis Site occupies
approximately 316 acres in the eastern half of the section, and the eatire site has
native vegetation of annual grasses and forbs. The irrigation site is relatively flat with
a minor natural drainageway paralleling the proposed irrigation area to the south.
The surface drainage is to the southeast.

The site soils are described in the U.S. Department of Agriculture/Soil Conservation
Service (USDA/SCS) Yolo County Soil Survey, June 1972. Two soil mapping units
are defined within the irrigation site. The pertinent soil properties of the Marvin silty
clay loam and the Brentwood silty clay loam soils are summarized in Table C(a)-1.
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Table Cta)-I

Summary or Sol Propertlesa

I'I"

Sold Te..lures SCS PertmeabIIity Depth

C112M HIILL

Soi SCS Surfacaf Seasonal Suitability for
Mapplng SoU Slope Drlnae@ Subied Water lrrigation)

Unit Name (%) Surface Subsoil Cliag (ihI6) Table Restriction

BrA Brentood 0 to 2 sicl si-sicl Well 0.2 to 0bi >5 feet Suitable
silty clay 0.! to 0.6

Mf Marvin silty 0 to I SIcl sjc-sicl Somewhat 0.2 to 061 >5 fei MargmnalSlow
Clay I I Poor 0,06 to 0.2 [lnfiiiration

iSource: USDA/oiI Cotscration Serwice. Yolo County Soil Sutvtv, June 1992.

Field Exploration

The onsite soils investigation was conducted during the week of April 26, 1993, by a
CH2M HILL soil scientist. This field evaluation consisted of excavation of eight
backhoe test pits to expose typical soil profiles for examination, description, sampling,
and testing. Duplicate double-ring infiltration tests were conducted at two selected
locations on both the surface soils and the restrictive (less permeable) subsoils. In
addition, representative soil samples were collected from the two infiltration test pro-
files for laboratory analysis of chemical properties. The locations of the backhoe test
pits are shown in Figure C(a)-l, and the profile logs are shown in Figure C(a)-2.

The evaluation of soil profiles from the test pit excavations and general site observa-
tions showed that the site is dominated (Test Pit Nos. 1, 2" 3, 5, and 6) by the Marvin
silty clay loam soils found on the basin rim, consisting of moderately slowly permeable
silty clay loam surface soils over slowly permeable, dense, silty clay subsoils. The
remainder of the site (Test Pit Nos. 4, 7, and 8) is represented by the Brentwood silty
clay loam soils found on the alluvial fan physiographic position, consisting of
moderately slowly permeable silty clay loam soils. The Brentwood soils have a less
developed (less of an increase in clay content) subsoil tman the Marvin soils. Both
soils are used for irrigated agriculture in the area, but other fields have been graded
for surface irrigation, likely because of the slow infiltration rate of the silty clay loam
surface textures.

The USDA method duplicate double-ring infiltrometer tests were conducted on two
representative soil profiles (Test Pit Nos. A-2 and 7) to determine long-term soil
infiltration rates. Tests were conducted both ", the undisturbed surface soils and on
the restrictive (less permeable) silty clay subsoils. The test results are shown in
Table C(a)-2.

1001 27B9C.RDO (Davts RK WS) C 2



POTENTIAL 5-ACRE NATIONAL .

55-Ac: -. '- "RA~IGATMDPkRCEL

2~)TPA7 TP A-6

¾~4 P~SED TREAiW,ý -7'ANT LOCATION

tRRIGA

TP A-1

~~~T A-2TP-

-6.11-alf)poiý" 1'L Ie.ESEflVOIR' L0

~'4

TA 4 '/ TP A-3~/~~

LEGEND
-TEST PIT LOCATION AND) DESIGNATION ~ ~

TP A-1

X.(~ 4 VOLO CC

4 14
X.* i

T-4~



* I-DISC; !ARGE PC;NT
ii TO WALLACE FARMS

DAVIS ,GSOBAL COMMUNICATIONS SITE L4

STP1,K?,7.1N PUMP SrATIOt- -

EA< LANTLOCA11ONPPEN\

15'%

r 
A)

- - V

* - ~ * ~. . .....

.4.

*jtA- 47VtflSEF1OI~tO~ATON - -, 'e<
). '~" A



0' ioi;SCHARGE PoINTr

I to

j4,4

4 14

4.,4,

iq -:4

wo~

* 4 * - ff 77
-. ~4.

^7 . 41p 4

K 1
d4qý.1987

FIGURE C(a)-1
w~v SOIL INVESTIGATION

4~~ DAVIS GLOBAL COKOAUNICATION SMT

McCLLLANAIR ORCEBAS



Is 0 0

m >~ C 02 oiý Z QU~o - ~ ~*~ - t-

(fO 0. l

o 0 Uw -1 0 Ow a 0-
0.> Ch L to 9) 0 Z Im -6o<

0.l

-9 , a9 1aU > O

__________________ ~II

,9 iqldap poS loo t; fj ios

UA im

aa 0 0iI oU
F7 .1, * w

I II

L~ its
., I

.2 -77 -6 6 4..

1" U! 40PPS1 0 O



- 0' s .
c,-zg

ZZ, 2 o Z *) o_-co
-- ~< = =

C- O w - J .0 U

0 0 00- 8ý

MaO Ud 4LU -

0 0

00
-~ 0 S

Li

( - _ _ _ _ _ _ _re !4dV10,

W4I

cc4~ 16 US 04U I~ o



Table C(a)-2
infiltration Rates

Infiltration Rates

(In/br)

Teb, Location So;I Type SoUi Tetuw'apllie Test I Test 2

TP A-2 Marvin silty clay loam 0 to 6 inches silty cida loam o.09 0.1'5
surface

18 to 22 inches silty day sub- ) 03 0.04
soil

"17 A-57 Brentwood silty clay loam 0 to 6 inches siltv cim i 0.9 1.2
surface

12 to 24 inches Sty e.W loam 0.06 0.02
Ssubsoil

"aUSDA duplicate double-nng intiltromerer test rethod with long-term rates c•klalait at end of minimum 6-hour test period.

Representative soil samples were collected froin the two typical soil profiles (Test Pit
Nos. A-2 and 7) and were sent to the CH2M HILL environmental laboratory for
chemical analysis. The results of the laboratory analysis are shown in Table C(a)-3.
From a review of the laboratory analyses, the following observations can be made:

The soil pH values range from 5.9 to 8.0, with surface soils being slightly
to moderately acid and the subsoils and substratum nearly neutral to
slightly alkaline. These pH values are typical for agricultural soils in the
area.

* The electrical conductivity (EC) values ranged from 0.17 to
0.32 mmhos/cm indicating there is very little salt accumuiation in the
soil profile (nonsaline soils).

"* The phosphorus (P) levels ranged from 1.6 to 13 mg/kg and, together
with the range of soil pH values, these phosphorus levels are relatively
low for agricultural soils in the area. Under nonfarmed volunteer
vegetation without fertilization, extractable soil phosphor-is levels have
been depleted.

" lThe extractable and water soluble cations (calcium, mercury, sodium,
and potassium shown in Table C(a)-3 as Ca, Mg, Na, and K) are within
the normal range for agricuitural soils in the area except for the
relatively high extractable magnesium leve! ranging from 10 to 22 milli-
equivallents per 100 grams (meq/100 g). Typically, in the arid region
soils, calcium is the dominant cation, but because of specific parent
materials in the Putah Creek watershed (Serc'entine in areas), an

100127BC.RDD (Davis RIMF.) C-7



* 04

I__ (N __ N 0_
0

41 r.c0

zo0 0 o ol 0

14

00

75 000 04

0 __ o:i
(N - ( 0

0n~4 aa

o' o o a0 0

C)C

co :00 0 0 0 Cl

00

< 40

C: U

m 000

IA 0 0 C C

In 0

- ~ 0.. -

* ~.00 ~ *fn
- 414

-C-

o 00''' 0 - '

Q cc I M- (1 Il 1 I1 01

C-8



imbalance exists where magnesium significantly exceeds, calcium. In
personal communication with Dr. Randy Southard, University of
California, Extension Soil Specialist, he has indicated the same
relationship (magnesium imbalance) was documented on the University
of California Davis campus on the Marvin ann Brentwood soils.

The cation exchange capacity (CEC) values range from 4.0 to 9.0
meq/100 g and are relatively low for agricultu-al soil; in the area. CEC
is generally a function of soii clay content and organic matter, but may
be effected by the dominance of magnesium. Similar soils in the area
have documented CEC values of 15 to 20 meqilO0 g.

The soil organic matter levels range from 0.4 to 2.7 percent, with the
normal highest level in the surface soils and a sharp decline in organic
matter levels with depth, typical of agricultural soils. The evaluated 1.2
percent in Tesf Pit A-7, 12 to 46 inches, may be caused by an old
buried surface soil in that area.

Conclusions and Recommendations

From the soil investigation, discussions with local soil scientists, and the overall
evaluation of soil suitability for treated groundwater reuse, the following conclusions
and recommendations can be made:

In the site soils, both the Marvin and Brerntwood silty clay loam
mapping units have a mode:rately slow surface permeability, and the
subsoils are slowly permeable as defined by the USDA/SCS soil
mapping. In CH2M HILL's field testing, the surface infiltration rates
ranged from 0.09 to 1.2 inch/hour, and the subsoils are greatly
restrictive to water movement rarging from 0.02 to 0.06 inch/hour.
Therefore, under irrigation, long-term application rates and duration of
irrigation will be restricted, with appiication rates of 0.1 to 0.15
inch/hour.

The irrigation site is gently undulating with a minor drainageway to the
southeast on the southern border. All of the adjacent irrigated farm-
land has been surface-graded for flood irrigation (likely because of slow
infiltration rats), but that practice is not feasible on this site because of
significant cuts and fills and exposure of less permeable subsoils.
Irrigation should be restricted to sprinkler irr.gation with onsite runoff
control and recycling to the irrigation storage reservoir.

1001 27C.RDD (Daw Rt-FS) C-9



F:om a soils standpoint, the soils are manageable for irrigation under a
permanent forage cropping operation as long as a high level of
irrigation scheduling and management is implemented. The soils are
not restricted by fertility, and under normal fertilization practice, crop
production should be high.
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TECHNIC, MIEMORANDUM C(b} CfMi HILL

PREPARED FOR: Davis RIFS Report

PREPARED BY: Sara MonteithCICH2M HILL, Redding

DATE: September 9, 1993

SUBJECT: Geotechnical Exploration for the On.site Reservoir
Davis Global Communications Site
Delivery Order 5055

PROJECT: SAC28722.55. 12

Purpose and Scope

This technical memorandum provides a summary of field observations, laboratory
testing, discussion, and preliminary recommendations for the proposed onsite reser-
voir at the Davis Global Communication Site (the Davis Site), located approximately
20 miles southwest of McClellan Air Force Base (McCleflan AFB) in a predominantly
agricultural area near the Yolo-Solano County border. Vatious volatile organic com-
pounds have been detected at the facility to depths up to 65 feet below ground sur-
face (bgs). The proposed :nsite reservoir will provide aboveground storage for
treated groundwater that will be used for irrigation for agricultural purposes. Further
details including groundwater conditions, constituents of contamination, extent of
contamination, and preliminary costs for this onsite reservoir and irrigation ,ystem are
provided in the Final Davis Global Communications Site Itenmediate Remedial Design
Report (CH2M HILL. 1993).

Background

The location of the proposed onsite reservoir is shown in Figure C(b)-l. Elevations
at the reservoir site were not measured; however, the ground surface elevation of
nearby wells is approximately 30 feet mean sea level. The topography over the reser-
voir site is relatively level, with a small depression in the southwest corner. This
depression appears to be part of a vestigial overflow channeL The site is subject to
periodic flooding during periods of sustained rainfall becaue of the lack of relief.

Vegetation at the reservoir site consists of grasses, thistles. and wildflowers. At the
time of the field exploration (April 29, 1993), the reservoir area was covered with
dense, green grasses and wildflowers approximately 4 feet tall. By late spring or early
summer, these grasses will be dry. The reservoir area is bounded by two antennas on
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the south, by one on the east side, and by one on the west. No other signs of devel-

opment were apparent at the time of the field exploration.

Local frost penetration does not ty'pically exceed 6 inches.

The proposed onsite reservoir will be overexcavated below the existing ground surface
to provide a basin for water storage and to provide fill for the reservoir embankment.
The crest will be 12 feet above the interior of the reservoir and 4 feet above the exist-
ing ground surtace on the exterior of the reservoir. Approximately 2 feet of overexca-
vation will be required at the exterior toe. The embankment will have 3:1 slopes on
both interior and exterior faces and a crest width of 15 feet, resulting in a total cross-
sectional width of approximately 80 feet. A schematic profile of the embankment is
shown in Figure C(b)-2.

The maximum depth of water to be stored in the reservoir is 10 feet, with a minimum
freeboard of 2 feet. The volume of water stored in the reservoir under full conditions
is approximately 5 acre-feet. A reservoir design of this type is not under the jurisdic-
tion of the State of California Division of Safety of Dams (State of California,
Statutes and Regulations Pertaining to Supervision of Dams and Reservoirs, 1992.)

Limitations

This memorandum has been prepared for the exclusive use of McClellan AFB for
specific application to the onsite reservoir at the Davis Site in accordance with gener-
ally accepted geotechnical engineering practice. No other warranty, expressed or
implied, is made.

The recommendations contained in this memorandum are based on the data obtained
from test pit excavat'ons and field observations. Test pit excavations indicate subsur-
face conditions only at specific locations and times and only to the depths excavated.
They do not necessarily reflect strata variations that may exist between such locations.
If variations from those subsurface conditions described are noted during construc-
tion, recommendations in this memorandum must be reevaluated.

In the event that any changes in the nature, design, or location of the facilities are
planned, the recommendations contained in this memorandum should not be consid-
ered valid unless the changes are reviewed and this memorandum modified or verified
in writing by CH2M HILL CH2M HILL is not responsible for any claims, damages,
or liability associated with interpretation of subsurface data or reuse of the subsurface
data without the express written authorization of CH2M HILL.
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Field Exploration

The field exploration, conducted on April 29, 1993, included excavating seven test pits
in the footprint of the reservoir and collecting soil samples from each test pit. Test
pit locations are shown in Figure C(b)-3. The test pits were excavated by Ramcon of
West Sacramento, using a John Deere C410 backhoe. Depths explored ranged from
8 to 10 feet bgs. Soil collected from each test pit was logged in accordance with the
Unified Classification System (ASTM D 2488); this classification was later verified
with results of laboratory testing (using ASTM D 2487). Following logging of each
test pit, the pits were backfilled with the material excavated. Test pit logs are
included as Appendix A, Soil Gas Investigation. The backhoe compacted the soil
after replacing it to reduce settlement. Approximate test pit locations were measured
with a rag tape and a compass.

Subsurface Conditions

Subsurface conditions were generally quite uniform in the test pit excavations. Soil
observed in the test pits includes two clay layers. The "upper" layer, typically 2 to
4 feet thick, is a moist, dark moderate brown clay, with moderate to high plasticity,
and a hard consistency. Root penetration is typically to 1.5 feet bgs. Pocket pene-
trometer measurements performed on the sidewalls in this layer yield unconfined
compression strengths ranging from 3 to 5 tons per square foot (tsf). The "lower"
layer is a moist, moderate brown clay, with moderate plasticity and a stiff to very stiff
consistency. Moisture content appears to increase with depth. Pocket penetrometer
measurements performed on the lower clay yield generally lower unconfined compres-
sion strengths, ranging from less than 1 to 3.5 tsf. This apparent reduction in strength
may be related to increased moisture content. - - -

In Test Pit TP-3, excavated in the depression of the vestigial overflow, a silty sand
with gravel was observed between 6 and 9.5 feet bgs. The gravel was typically 2-inch
minus, well-graded and well-rounded. Below this gravel layer, a clay similar to the
lower clay layer described above was observed. Test Pit TP-3 was the only test pit in
which gravel was observed. However, review of logs for wells drilled at the Davis Site
indicate this area exhibits some lateral variability, that is, occasional interfingering of
gravel and sand lenses within the clay layers. Therefore, although additional gravel or
sand lenses are not anticipated, they may be encountered during reservoir construc-
tion.

Sidewalls for the test pits remained vertical and did not exhibit any tendency to imme-
diately cave, except in the gravel layer in TP-3. Excavation of the soil was accom-
plished easily. No groundwater was encountered in the test pits.

)
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Laborato.y Testing

Soil samples obtained during the field exploration were submitted for laboratory test-
ing at MTI Testing Laboratory in Redding, California. Because of uniformity of sub-
surface conditions, laboratory testing was limited to the following tests:

Atterberg Limits (ASTM D 4318)
* Material Passing No. 200 Sieve (ASTM D 1140)
* Grain Size Distribution (ASTM D 422) (1.5 inches to No. 200 Sieve)
* Moisture Density Relationship (ASTIM D 698)

Representative samples were selected from Test Pits TP-2, TP-4, and TP-6, and a
sample of gravelly material was selected from TP-3. A summary is provided in
Table C(b)-l. Results are provided in Appendix B, Air Permeabiiity Testing.

Table C(b)-i
Laboratory Testing Summary

Maximum Optimum
Sample Atterberg Percent Dr Moisture

Test Pit Depth Umits Passing Grain Dewfty Content
No. (ft bgs) (LIJPI) No. 200 Size (pd) (%)

TP-2 Composite 103.6 17.1

TP-3 6 X

TP.4 0 to 2 76.3

TP-4 4 to 6 82.9

TP-6 0 to 3 47/23

TP-6 3 to 8 31/10

aGrain size distribution presented in Appendix B.

Conclusions and Recommendatioms

Field observations and laboratory testing indicate that subsurface conditions at the
Davis Site are generally favorable for the proposed onsite reservoir. The following
design considerations and recommendations for additional work should be performed
prior to developing plans and specifications:

The depression located in the southwest comer of the reservoir site will
require additional earthwork during construction of the embankment.
In addition, the presence of gravel in the embankment foundation may
result in piping or seepage problems. The reservir location should be
adjusted 50 to 100 feet south or west to mitigate these potxtial prob-
lems.
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Additional test pits may be excavated at the new reservoir site; how-
ever, subsurface conditions were quite consistent in the other six test
pits excavated within the reservoir footprint. In addition, test pits exca-
vated over the extent of the adjacent irrigation parcel (excavated for
soil survey) indicated similar subsurface conditions throughout.

Sieve analyses performed on an upper clay sample and a lower clay
sample resulted in 76 and 83 percent of the soil passing the No. 200
sieve, respectively, indicating a low permeability soil suitable for
embankment construction. According to field observations, laboratory
testing, and pocket penetrometer measurements, it appears that
3:1 slopes will be acceptable for the interior and exterior slopes of the
reservoir. Slope stability analyses will be required to verify these
assumptions.

From a root penetration of 1.5 feet bgs observed in test pits, 2 feet of
overexcavation should be performed under the embankment (as shown
in Figure C(b)-2).

If the water supply in the reservoir is rapidly depleted, the interior
slopes will be subject to rapid drawdown conditions. Additional stability
analysis will be required to analyze embankment performance under
these conditions.

The reservoir is located in Uniform Building Code (UBC) Seismic
Zone 3. It may be necessary to perform a review of site seismicity and
pseudostatic slope stability analysis to evaluate the performance of the
embankment under seismic loading.

Field observations and logs for nearby wells do not indicate that the
reservoir excavation will be under the influence of groundwater.

Riprap or an equivalent slope protection should be placed on the
interior slopes of the reservoir to protect the embankment from wave
action caused by wind.

Additional laboratory testing should be performed for design of the
onsite reservoir. This testing may include, but should not be limited to,
additional strength testing and testing of corrosion potential. Perme-
ability testing may be performed for seepage analysis or determination
of uplift pressures.
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TECHNICAL MEMORANDUM D 0WMHILL

PREPARED FOR: Davis RI/FS Report

PREPARED BY: Rob Pexton/CH2M HILL, Sacramento

DATE: September 9, 1993

SUBJECT: Summary of Field Activities
Davis Global Communications Site
Delivery Order 5055

PROJECT: SAC28722.55.18

Purpose and Scope

CH2M HILL conducted a series of remedial investigation field activities at the Davis
Global Communications Site (Davis Site) in 1992 and 1993 in accordance with the
Work Plan for the Site (CH2M HILL, 1993). These activities were performed to
increase understanding of the subsurface chemical and hydrogeologic conditions and
to facilitate implementation of remedial measures. The surveyed locations of all
activities conducted both in the compound and at the north edge of the site are
shown in Figure D-1. A summary of previous remedial field activities is included in
Chapter 2 of the RI/FS Report.

CH2M HILL activities performed in and near the compound include:

Dry or partially submerged groundwater Monitoring Wells MW-1,
MW-3, MW-5, and MW-7 were sampled for soil gas in August 1992.
Details and results are given in Appendix A, Soil Gas Investigation.

Aquifer testing was performed on Monitoring Wells MWC-3, MWC-12,
and MWC-14 in August 1992, and Monitoring Wells MWD-12 and
MW-3 in January 1993. Results are given in two separate reports
(CH2M HILL, 1992 and 1993).

Collecting shallow soil gas samples and samples from August through
October 1992. Details are provided in Appendix A, Soil Gas Investiga-
tion.

Collecting and analyzing soil samples from the north and east soil piles
in November 1992. Discussion is included in this appendix.

1002t76ZRLD (Dav• Rtt"M) D-i
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4 Six Cone Penetrometer (CPT) soundings (CPT-18, CPT-18A, CPT-20,
CPT-21, CPT-22, and CPT-23) performed in November 1992 to investi-
gate site stratigraphy. Discussion is included in this appendix.

41 Five Soil Vapor Monitoring Wells (SVMWs) (CH-1 through CH-5) and
adjacent piezometers (P-IS, P-ID, P-2M, P-3S, P-3D, P-4S, P-4D, P-5S,
and P-5D) were drilled and installed in November 1992 to investigate
the vadose zone chemical and hydrogeologic properties. Discussion is
provided in this appendix. A summary of results of sampling of SVMW
and adjacent piezometers is in Appendix A. Discussion of air perme-
ability testing, performed in December 1992, is presented in
Appendix B, Air Permeability Testing.

0 Four Groundwater Extraction Wells (EW-1B, EW-IC, EW-2C, and
EW-3C) were drilled and installed in April and May 1993 to capture
contaminated groundwater from the B and C aquifers.

0 Eight test pits were excavated and double-ring infiltration tests were
conducted in April 193, as part of an investigation for land application
of treated groundwater. Details and discussion are provided in
Appendix C(a), Treated Groundwater Reuse Soils Investigation.

* Seven test pits were excavated and soil samples were collected and
tested as part of a preliminary investigation to assess the feasibility of
constructing an onsite reservoir to store treated groundwater. Discus-
sion and results are presented in Appendix C(b), Geotechnical Explora-
tion for the Onsite Reservoir.

Groundwater levels were measured biweekly from July to December
1992, and monthly during 1993. Results are summarized in
Appendix E, Groundwater Contour Maps.

Groundwater levels were collected hourly using a data logger from Well
Cluster MWl from July 1992 to June 1993. A graph of those levels is
presented in the RI/FS Report as Figure 3-6.

Seven new Groundwater Monitoring Wells (MW-19, MWC-20,
MWD-20, MWD-21, MWE-21, MWD-22, and MWE-22) and two
groundwater piezometers (PC-21 and PC-22) were installed in May and
June 1993 to improve definition of the horizontal and vertical extent of
groundwater contamination. A Hydropunch sample, HP-2, was taken
and analyzed near the location of MW-19 prior to well installation to
determine the most effective well location. Groundwater samples were
collected during drilling of MWD-20, MWE-21, and MWE-22 to
improve the placement of subsequent monitoring wells. A discussion is
provided in this appendiA. Well completion data are provided in
Appendix S, Well Construction Data. Analytical results are presented
in Appendix U, Historic Contaminant Data.
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CH2M HILL activities performed at the north edge of the Davis Site include:

Two CPT soundings (CPT-24 and CPT-25) were performed about 300
feet south of County Road 35 in April 1993 to locate a favorable site
for an injection well to dispose of treated groundwater. A test hole
(TH-1) drilled at this location was sampled and geophysically logged in
June 1993. The borehole was then abandoned by tremie grouting
following geulogic and geophysical logging. Logs are provided in
Appendix Q.

Radian Corporation sampled all new and existing wells at the site in early July 1993,
as part of the McClellan AFB groundwater sampling and analysis program. Water
quality results are pending.

Subsurface Conditions

In general, the stratigraphy underlying the Davis Site consists of clay with moderately
continuous lenses of sand and silty sand, and less common lenses of gravel. The soil
profile has been divided roughly into five zones, "A" through "E", which apply to the
area around the buildings at the Davis Site. The upper zone, designated i,,c A
"aquifer," contains one or two layers of coarse-grained material. The first layer is
located between 13 and 18 feet below ground surface (bgs); the second layer is
between 25 and 35 feet bgs. The B aquifer is located between about 65 and 95 feet;
the C aquifer between about 95 and 145 feet bgs: the D aquifer between about 145
and !95 feet bgs; and the E aquifer between about 195 and 245 feet bgs. These
zones are variable in thickness and are somewhat laterally discontinuous across the
site.

Field Exploration

Ex Situ Soil Sample Collection

Two areas of existing soil piles have been identified outside the Main Compound
Area southeast of Building 4710. The soi: piles have been identified as the northern
pile and the eastern pile. The northern pile is from the initial excavation of the diesel
storag tanks (when the soil was removed to expose the tanks). The eastern pile is
from the excavation and removal of the three diesel tanks (Personal Communication,
Dave Phillips). These piles do not appear to have been disturbed since their place-
ment; however, rodent burrows have been observed in the piles. The eastern and
northern piles comprise approximately 560 and 320 cubic yards, respectively.

A total of 14 soil samples were collected in November 1992 from the soil piles, five
from the northern pile (NSP-IA, -1B, -2A, -2B, and -3), and nine from the eastern
pile (ESP-I through ESP-9). Samples were obtained using a hand auger to drill to I
to 2 feet bgs. The samples were analyzed for total fuel hydrocarbons as diesel using
EPA Method 8015 Modified and for total petroleum hydrocarbons as diesel using
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EPA 418.1. Levels of diesel contamination ranged nondetect from 640 mg/kg.

Results are presented in Appendix U.

Cone Penetrometer Soundings

Six CPT soundings, CPT-18 through CPT-23, were advanced at the Davis Site by
Tonto Drilling of Sacramento, California, in November 1993. The intention of these
soundings was to advance the probe to a depth of approximately 150 feet to evaluate
the C and D aquifers. However, probe refusal on hard material or excessive inclina-
tion of the probe prevented penetration greatt.. than 113 feet bgs. Table D-1 pro-
vides a summary of maximum depth for each sounding and the cause of probe
refusal. CPT logs are provided in Appendix R, Cone Penetrometer Data.

Table D-I

CPT Borings at Davis Global Communications Site

Sounding Depth Reason for Stopping

CPT-18a 58.23 Unable to push farther

CPT-18Ab 113.2 12 degree inclination

CPT- 19' 5.7 Electrical Interference

CFT- 19A 4.1 Electrical Interference

CPT-20 98.43 12 degree inclination

CPT-21 86.94 12 degree inclination

CPT-22 52.49 Unable to push farther

CPT.23 95.96 12 degree inclination
"aCPT-18 could only be advanced t. a 58.2-foot depth.
bCPT-18A was advanced about 50 feet northeast of CPT-18.
CCPT-19 was attempted southeast of CPT.-20, but equipment problems and

electrical interference from a transmitter tower prevented completion of
the boring.

Soil Vapor Monitoring Wells and Vapor Piezometers

SVMWs and piezometers were installed at the Davis Site in November 1992 at the
locations shown in Figure D-1. Welt locations were selected using the results of shal-
low soil gas sampling described in Appendix A, Soil Gas Investigation. The SVMWs
installed include the following:

* Five vapor extraction wells, CH-1 through CH-5

Four "shallow" piezometers, P-IS, and P-3S through P-5S (adjacent to
CH-1, and CH-3 through CH-5, respectively)

* One intermediate depth piezometer, P-2M (adjacent to CH-2)
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Four "deep" piezometers, P-1D, and P-3D through P-5D (adjacent to
CH-1, and CH-3 through CH-5, respectively)

The wells were constructed in boreholes advanced with an 8-inch hollow-stem auger
by Westex Drilling of West Sacramento, with piezometers placed in an adjacent bore-
hole. Standard Penetration Tests (SPTs) were performed at approximate 5-foot inter-
vals, and soil samples were logged in general accordance with the Unified Soil Classi-
fication System (ASTM D 2488). The SVMWs were originally drilled to a total depth
ranging from 61.5 to 71.5 feet bgs so that the stratigraphy below the wells could be
logged. The borehole was then backfilled with bentonite chips to the desired depth,
and the well was constructed. Locations and elevations of the installations were sur-
veyed by CH2M HILL Boring logs and well construction diagrams are attached as
Appendixes Q and S, respectively.

The extraction wells and their associated piezometers are screened within the A
aquifer. The vapor extraction wells consist of 2-inch Schedule 40 PVC with a
screened interval of 10 feet, except CH-2 which has a screened interval of 2 feet.
The piezometers are constructed of a 1-inch-diameter Schedule 40 PVC, with a
screened interval of 2 feet for shallow piezometers, 5 feet for the intermediate depth
piezometer, and 10 feet for deep piezometers. A summary of installation details i;
provided in Table D-2.

Table M.2
Smunaiu of Vapar WeU MW Pfeas"saw Dedel

Well/ TOC Scre-ne GraP N& DeirlpUom WW SoIl

Piezonaelr tat~iU"~ Inteva 1nera u ac-l"~ to UW

Ne. Descriptil" (feat mnall (feet bo) (feet 11p1 Smosavil Intervai

ci-I 2-inch well 2A.7 25 to 35 21 to 3_ 7 Sandy Siluilty Sand

P-IS I -inch piezomter 27.62 14 to 16 13.5 to 17 Clay w/trace Sand

P-ID 1-inch piezometer 27.29 48 to 58 43 to C 0 w/Sand

CI1-2 2-inch well 2,.18 14 to .6 13.5 to 17 Silty SandiSandy Silt
P-2M 1 -inch pe~omee" 2.7,54 30 to 35 28 to 36 Sand and Gravel w/Silt

CFI-3 2-inh well .-7.83 2 to 3z 20 to 33 Sand w/Gravl and Silt

P-3S 1-inch piezometer 27.48 15 to 17 14.5 t,, 18 Sand and Silt

P-3D -inch piezometer 27.21 44 to 58 44 to 64 Clay

Cil4 2-inch well 2834 27 to 37 26 to 4S Sand w•C:ay and Silt

P-4S 1-inch piezometer 27.67 17 to 19 15to 0 Clay

P-4D I -inch piczow.ter 27.73 4 10 55 41 to 54 Clay

C11-5 2-inch well 28.49 28 to38 • •to 39 COaM ,Sad/Cls• Gravel

P-SS l-irch p•zomlter 28.37 18 to 20 17 to= Sandy Clay

P-.i) I-inch p.ec.ometer 2,.36 45 to 55 43 to 5c.3 Clay

Soil samples were collected from borenoles for CH-I through CH-5 at approximate
5-foot intervals. Selected samples were submitted for analytical and physical testing.
Results are summarized in Table D-3. A complete listing of the results is provided in
Appendix U.
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Groundwater Extraction Wells

Four groundwater extraction wells and seven groundwater monitoring wells were
installed by Water Development Corporation with a Dresser T70W Air Rotary Casing
Hammer drill rig. Soil samples were logged in general accordance with the Unified
Soil Classification System (ASTM D 2488). This drilling method uses threaded drive
pipe to keep the borehole open while drilling is accomplished with a tricone bit
running slightly ahead of the drive casing. Drill cuttings are brought to the surfacc by
injecting air down the drill pipe and up the annulus between the drill pipe and drive
casing. A discharge hose sends cuttings to a cyclone separator where they drop from
the separator.

The three deep extraction wells (EW-IC, EW-2C, and EW-3C. Figure D-1) were
drilled with a 12-inch-diameter borehole and were completed with 6-inch-diameter
Schedule 80 PVC well casing. A 6-inch-diameter stainless steel wire wrap 0.035-inch
slot screen with an 8 x 16 sand pack was used. Well construction data are inciuded in
Table D-4.

Table D4
Summary of Groundwater Extraction Cousruction

Scr eened Sand Pack Cas;n Screen

Elevation TOC Interval Interval Diameter Slot Size
Well No. (feet msl) (feet bgs) (feet bgs) (inches) (inches)

EW-IB 28.89 50 to 100 47 to 104 4 0.035

EW-IC 28.74 130 to 140 124 to 141 6 0.035

EW-2C 29.48 78 to 108 72 to 110 6 0.035

EW.3C 28.59 93 to 108 87 to 110 6 0.0)35

Wells were swabbed during installation of the sand pack to increase settlement of the
sand. The sand pack was brought approximately 4 feet above the top of the screen,
and No. 30 transition sand seal was installed followed by a bentonite seal. Following
hydration of the bentonite seal, cement bentonite grout was tremied to ground sur-
face. Shallow Extraction Well EW-IB was drilled and completed in the same manner
except that a 10-inch borehole ,"as used with 4-inch well casing and screen. The wells
inside the compound (EW-lB and EW-IC) were completed just belowgrade with sur-
face concrete vaults. The wells outside the compound were completed with above-
grade monuments.

All extraction and monitoring wells were developed by bailing, surging, and pumping
until clear water was being produced with clarity better than 5 nephelometric turbidity
units (NTU) and stable pH, conductivity, and temperature readings.

loot 2762.ROD (Oave R/-S) D-8



Cuttings and water produced during drilling were stored onsite in a rolloff bin pro-
vided by Delta Oilfield Services of Woodland, California. When soil samples
obtained from EW-IC (at 81 and 83 feet bgs) were found to be nonhazardous,
cuttings were spread out adjacent to the diesel contaminated soil piles east of the
main compound area. Drilling and development water for the four extraction wells
was taken to the McClellan Air Force Base (AFB) Industrial Wastewater Treatment
Plant.

Observations During Development

Short duration pump tests were conducted during the final stage of development of
the extraction wells to estimate aquifer parameters. These estimates will be used to
design the long-term aquifer tests required to assess extraction system performance.
Water was pumped to a 6,500-gallon storage tank provided by Delta Oilfield Services
and was subsequently hauled in 5,000-gallon tank trucks to the McClellan AFB Indus-
trial Wastewater Treatment Plant. A summary of pump test findings is included in
Table D-5. In general, most data represents 1 hour of pumping at a constant rate.

Table D-5
Extraction Wells at Davis Global Communications Site

W eii l li N o .I i p m * ( r e e t ) ( ~ .p a ii f W N 0 =
Pumping Rate Drawdown Specific Capacity Transnissivity

Well No. .... !pm) (feet) .. . .... gpinift) (ft2/day)

EW. I Bab 23 0 2.3
68 27.5 2.5 460)"

EW-1Ca 77 4.4 17.5 4,000

EW.2CA 76 8.5 8.9 1,9KX

EW-3C" 45 41 1.1 420

MW-19b (B aquifer) 40 91. ) 4.4 .)

MWC-20b 41 35.9 1.1 300

MWD-20b 40 10.5 3.8 1,(10)

MWD-21b 40 12.7 3.1 830

MWD.22b 40 3.12 12.8 3,4(X)

MWE-21b 20 1.28 15.6 4.2(X)

MWE.22 1 4) 1.32 30.3 8,100

4'Th.se Wells were analyzed using a method developed by Cx)per and Jacob (1946).
*Thesc wells were analyzed using a method developed by Driscoll (1986).

Well EW-IB was pumped for 3 hours (180 minutes) at 23 gallons per minute (gpm)
on May 1I, 1993. After 3 hours of pumping. EW-IB had a total drawdown of 10 feet.

t(HZ76,ZoDD (Dou KRIVS) D-9



During the pump test, B aquifer Monitoring Wells MW-1, MW-2. MW-3, MW-5,
MW-7, and MW-8 were monitored with a Hermit 2000 8-channel data logger.
Extraction Weil EW-IC, adjacent to Well EW-IB but screened from 130 to 140 feet
bgs, was also monitored. Water level data collected at these locations arc plotted on
Figure D-2. A Cooper-Jacob analysis of the time-drawdown data yielded a
transmissivity of 480 ft'/day in the vicinity of Well EW-1B. All of the monitored wells
responded to pumping Well EW-IB with a drawdown in approximate inverse propor.
:ion to the distance from the well.

Well EW-IB (screened across the full depth of the B aquifer) produced more water
than was anticipated, according to the performance of the monitoring wells in the
vicinity. However, those monitoring wells were drilled with hollow-stem augers and
have shorter screened intervals. (Drilling through the !ong intervals of clay strata
above the sand zones can result in clay material partially saling off the nroductive
sand zones and reducing the yield of the well.) Air rotary casing harem. - methods
combined with thorough development are not likely to 'iave these problems.

An additional test was performed on Well EW-IB at a pumping rate of approximate-
ly 68 gpm on May 11. 1993, starting at 9:45 a.m. The same observation wells moni-
tored in the previous test were used to measure drawdown. Drawdown after 1 hour
was 27.5 feet in pumping Well EW-IB as measured bv hand. All the observation
wells had measurable drawdown after 60 minutes of pumping.

A third pump test was performed on Well EW-IC, screen-ed from 130 to 140 feet bgs
in a gravelly channel deposit. The well was pumped for 68 minutes at a rate of
approximately 77 gpm on May 13, 1993, yielding a maximum drawdown of 4.26 feet.
Drawdown was also measured in shallow Monitoring Wells MW-2. MW-3, MW-7, and
MWD-2. MWD-2 is located near the eastern compound fence aad screzrned in the
same gravelly zone as EW-IC. Drawdown was observed in all the 8 aquifer observa-
tion wells that were monitored. After 68 minutes of pumping, drawdown measured in
observation MWD-2 was 3.28 feet. This measurement indicates a broad shallow cone
of depression, which is consistent with a zone of high trammissivity. Transmissivity
was calculated as 4,0XX ft'!day.

Monitoring Well Installation, Groundwater Sampling,
Piezometer Installation, and Hydropunch Sampling

Seven new groundwater Monitoring Wells (MW-19, MWC-.0, MWD-20, MWD-21.
MWE-21, MWD-22, and MWE-22) and two groundwater Piezometers (PC-21 and
PC-22) were drilled and installed in May ;!nd June 1993 to improve definition of the
horizontal and vertical extent of groundwater contaminatioM. Well completion data
are given below in Table D-6.
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Table D-6
Monitoring We!l Construction

Screened Sand Pack Casing Screen
Flevation TOC Interval Interval DiOmegNe Slot Size

Well No. (feet msl) (feet bgs) (feet bgs) (inches) (inches)

PC-21 27.96 82 to 92 79 to 93 4 0.020

PC-22 28.11 91 to 101 85 to 104 4 0.020

MW-19 25.98 71 to 81 67 to 82 4 0.020

MWC.20 31.75 88 to 108 78 to 110 4 0.020

MWD-20 30.34 143 to 163 135 to 164 5 0.020

MWD-21 29.16 148 to 168 143 to 172 5 0.020

MWE.21 29.92 196 to 216 192 to 222 5 0.020

MWD-22 26.65 147 to 167 140 to 172 5 0.020

MWE.22 j 26.51 198 to 218 187 to 224 5 0.020

Monitoring Wells MW-19, MWD-20, MWE-21, and MWE-22 were planned to be
drilled at locations estimated to be at the edge of the groundwater contamination
plume based on available data.

A Hydropunch groundwater sample, HP-2, was taken near MW-19 at a depth of
approximately 72 feet bgs and analyzed by CH2M HILL for VOCs. No VOCs were
detected; therefore, MW-19 was drilled at the planned location. Two additional
attempts were made to collect a C-zone Hydropunch sample (HP-3 at a depth of
approximately 100 feet bgs). The first attempt met refusal az 62 feet bgs and the
second at 66 feet bgs. Groundwater samples were taken do*ing drilling of MWD.20,
MWE-21, and MWE-22 to provide guidance for locations of the remaining monitoring
wells. Results are presented in Appendix U.

During drilling of MWE-21, a 220-foot-deep boring south of the compound, a ground-
water sample was taken at a depth of 170 feet using the foiwaing procedure:

The drill bit was advanced several feet into a water pmducing sand and
gravel zone, and water was air lifted from the borehole until the water
clarity improved. The drill bit and drill pipe were remved and
replaced with a submersible pump. The pump was operated for
approximately an hour until water quality pa imetes were stable and
clear water was produced. The pump was renoved, and a sample was
taken from the producing zone using a clean Teflon baeier. This sample
was analyzed for volatile organic compounds ,VOCs) (Methods 8010/
8020) with a 1-day turnaround time by the Central Valey Regional
Water Quality Control Board (CVRWQCB) Laborory in Sacramento,
California. The analysis detected 0.3 1g/i, 1,1-dichlroeane; 10.2 tg/A,
cis-1,2-dichloroethlene (DCE); 2.9 sg/l, trans-1,2-DC(- and 36.9 peg,
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trichloroethene (TCE) indicating the gioundwater plume had moved at
least as far as this well location in the D aquifer.

Drilling on Well MWE-21 continued until a gravel zone was encountered from about
198 to 223 feet. This gravel layer was underlain by clay. A 5-inch-diameter PVC
cased well was constructed using 20 feet of stainless steel wire wrap, 0.020-inch slot
screen from 193 to 218 feet and an 8 x 20 sand pack. The well was completed in the
same manner as the extraction wells. Several wells had a flowing sand condition in
the screened interval, which resulted in removal of large volumes of sand and gravel
during drilling. In these cases, two to three times the nominal calculated voJume of
sand pack was used in the screened interval (30 to 40 cubic feet rather than the nomi-
nal 13 to 15 cubic feet of sand) to properly sand pack the well. The sand pack was
swabbed two or three times in these instances to ensure that it was properly settled.'

As a result of the contamination found in the sample from Well MWE-21, Well
MWD-21 was drilled 500 feet south of MWE-21 in an attempt to locate the edge of
the plbme in the D aquifer.

MWE-22A was drilled on the west side of the Site Entrance road. A sample
obtained at 160 feet yielded 2.6 jsg/l, 1,1-dichloroethene; 1.4 1g/l, cis-1,2-DCE;
2.0 g/l, toluene; and 11.7 #tg/l, TCE using Methods 601/602. After sampling, this
borehole was abandoned when the well casing broke above the screen during well
installation. The casing was removed, and the remaining borehole was tremie grouted
to the ground surface. This abandoned borehole is referred to as MWE-22A. A new
well, MWE-22, was relocated further south and east, on the east side of the entrance
road.

During drilling of MWE-22, a sample was obtained at 160 feet which yielded no
detection of VOCs except 0.1 tsg/! of cis-1,2-DCE, using EPA Methods 601/602. Well
MWD-22 was drilled adjacent to MWE-22.

During drilling of MWD-20, southwest of the compound, a groundwater sample was
obtained from a sand zone at 100 feet. Water from the MWD-20 borehole could not
be successfully pumped because of a flowing sand condition which "sand-locked" the
pump. The water level was allowed to rise in the drive casing, and a bailed sample
was obtained and submitted to the CVRWQCB, which yielded no detection of VOCs
using EPA Methods 601/602. Well MWC-20 was drilled adjacent to MWD-20.

The two C aquifers groundwater piezometers, PC-21 and PC-22, were drilled by
Water Development Corporation with a CME-75 hollow-stem auger rig. A borehole
was drilled with an 8-inch auger and then reamed with a 12-inch auger. A 4-inch
Schedule 40 PVC casing was installed inside the 12-inch auger with 10 feet of
0.020-inch slot stainless steel wire wrap screen and an 8 x 20 sand pack.

10012767.RDO (Davis RI/VS) D-13



Cone Penetrometer Soundings and Test Hole

An injection well is proposed near the north edge of the Davis Site due north of the
compound and about 300 feet south of County Road 35 (Figure D-3) to dispose of
treated groundwater from the proposed groundwater treatment plant. Two CPT
soundings, CPT-24 and CPT-25, were advanced by Tonto Drilling of Sacramento,
California, at the extraction well locations proposed in the Remedial Design Report.
The CPT probe met refusal at 66.44 feet in CPT-24 and at 68.08 feet in CPT-25. In
both cases, refusal resulted from excessive friction on the rods in clay, not resistance
at the CPT tip. Both CPT holes were advanced in clay or silty clay as noted in the
interpretations by Tonto Drilling. CPT logs are presented in Appendix R.

Test Hole 1 (TH-1) was drilled adjacent to CPT-25 by Water Development Corpora-
tion, using a CME-85 high-torque auger rig modified to use mod rotary methods. A
6-inch tricone bit was used to drill to 60 feet. The borehole was cored from 60 to 270
feet using a wireline coring system with modified California split-spoon samplers con-
taining brass liners. The core was logged and stored in wax coated cardboard core
boxes. Boring and geophysical logs are given in Appendix Q.

Geophysical logging was conducted in Test Hole TH-I by Weienco of Woodland,
California, from ground surface to 255 feet. In spite of the thick drilling mud used,
the hole caved between 255 feet and 270 feet in the time it took to remove the drill
string and insert the geophysical tool. Resistivity, spontaneous potential, and gamma
ray logs were conducted, yielding results consistent with the geologic logs.

Soil samples taken at 104 to 106.5 feet, 203 to 205 feet, and 232 to 236 feet were sent
to Mineralogy Incorporated of Tulsa, Oklahoma. The following analyses were per-
formed on the samples to provide design parameters for the reinjection wells:

* X-.: iy diffraction
* Thin slab core description and photography
* Acid insoluble residue
* Grain size distribution
* Horizontal and vertical porosity
* Air permeability and grain density
* Specific gravity
* Cation exchange capacity
* Scanning electron microscopy
* Energy dispersive x-ray analysis
* Petrographic thin section analysis
* Total organic carbon analysis

1001276ZRDD (Deft RMtE) D-14
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Attachment D-1, the Mineralogy Incorporated report, is attached at the end of this

appendix.

Subsurface Conditions at North Edge of the Site

The subsurface conditions at the north edge of the site is significantly different than in
the vicinity of, and south cf the compound area. Permeable sandy gravel was encoun-
tered between 42 and 46 feet and 52 and 58 feet. Circulation was lost in each zone.
Below 58 feet, no permeable zones were encountered until at 98 feet where a silty
sand was encountered. This unit became coarser with depth to a well-graded sand
from 104 to 108 feet. The interval between 108 to 190 feet consisted of clay and silt.
(None of the highly permeable gravel commonly found from 150 to 170 feet near the
compound were found at TH-i.) A silty sand was present at 195 teet. which graded
to a poorly graded sand at 203 feet and coarsened around 212 feet to a silty gravel.
The interval from 215 to 232 feet was primarily silt. A productive gravel zone was
encountered from 232 to 263 feet. Core recovery in this zone was very poor because
the core barrel blocked off very quickly with pieces of coase gravel each time a core
was attempted. Clay was present again from 263 to 268 feet with sand from 268 feet
to the bottom of the borehole at 270 feet.
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SUBJEC

Core analysis results for three selected core intervals from the
CH2M Hill Project No. SAC28722.5S.10, McClellan AFB-Davis Comm.
Site. Mineralogy, Inc. Job No.: 93-327

SUMMARY

The three core intervals submitted for analysis from the McClellan
AFB-Davis Comm. Site are representative of an unconsolidated,
generally matrix-rich reservoir. Texturally, the core intervals
range from fine-grained and well sorted (104-106.5 feet), to
bimodally distributed, very poorly sorted sandy pebble conglomerate
(232-236 feet). The sandstone cores commonly display fining-
upwards cycles, characterized by abrupt (locally erosional) basal
contacts, followed by cross-bedded sand capped with parallel
laminated, matrix-rich sand and/or clay lamina. Mineralogically,
the cores are enriched with respect to lithic rock fragments and
contain significant volumes of smectite-rich clay. Storage
capacity for the sandstone intervals is excellent (36.8-39.3%),
however, air permeability values are low (relative to matrix-poor
reservoir sandstones with comparable porosity values). The
abundance of pore-filling and grain-coating smectite has resulted
in the presence of a significant volume of intercrystalline
microporosity and a subsequent reduction in the transmissivity of
these reservoir rocks. The large volumes of smectite may
contribute to permeability loss and formation damage due to changes
in pore fluid salinity and/or clay migration.



INTRODUCTION

Three separate core intervals were submitted for analysis from the
CH2M Hill Project No. SAC28722.55.10, McClellan AFB-Davis Comm.
Site. A full suite of core analysis tests including: x-ray
diffraction, thin slab core description and photography, acid
residue analysis, grain size distribution analysis, horizontal and
vertical porosity, air permeability and grain density analysis,
specific gravity analysis, cation exchanqe capacity, scanning
electron microscopy, energy dispersive x-ray analysis, petrographic
thin section analysis, and total organic carbon analysis were
performed on representative samples from each of the three core
intervals. Due to the disaggregated character of the lowermost
core from this well (232.0-236.0 feet), helium porosity, air
permeability and grain density measurements were not obtained for
this sample.

DISCUSSION OF RESULTS

PAGES 1-3A. THIN SLAB PHOTOGRAPHS AND DESCRIPTIONS

Descriptions of the slabbed core material from each of the three
core intervals are presented on Pages 1-3A of this report. The
core descriptions are accompanied by photographs of the slabbed
core material on each of the three facing pages. The two sandstone
core intervals (104-106.5 and 203-205 feet) are characterized by
very fine to medium-grained, generally well-sorted, porous,
unconsolidated, litharenitic sandstone. Each of the sandstone core
intervals displays fining upward cycles ranging from 2-6' in
thickness, which reflect a pulse-like depositional history
characterized by initial phases of bedload current transport,
capped by finely-textured sediments deposited from a combiniation of
suspension and waning bedload transport. The core interval between
203 and 205 feet is characterized by a relatively larger percentage
of detrital clay matrix lenses and laminae. Sedimentary structures
present within both of the core intervals indicate the presence of
low to moderate angle cross-bedded sandstone, with foreset dips
ranging between approximately 5 and 30 degrees relative to the
horizontal. The localized presence of laminated clay matrix
material (especially within the interval between 204 and 205 feet)
suggests that vertical permeabilities could be as much as an order
of magnitude less for those intecrvals containing significant
amounts of clay within the reservoir.

The disaggregated core material depicted on Page 3A from reservoir
depth 232-236 feet is comprised of sandy pebble conglomerate, which
lacks any preserved sedimentary structures. The granule and
pebble-sized fraction within this core material is admixed with a
significant percentage of sandy and silty clay matrix material,
which serves as a binding agent within the conglomerate. This
sediment is very poorly sorted, bimodally distributed, and enriched
with respect to lithic fragments.



TABLE 1. X-RAY MINERALOGY

Results of the x-ray diffraction analysis for each of the three
core samples are summarized in Table 1 of this report. Significant
mineral constituents present within each of the three core
intervals include quartz (61-70%), plagioclase feldspar (8-9%), K-
feldspar (2-5%), serpentine (trace-4%), kaolinite (1-2%), and
smectite (15-19%). Minor to accessory mineral constituents present
within one or more of the core samples include calcite, dolomite,
siderite, pyrite, chlorite, and illite/mica.

TABLE 2. ACID INSOLUBLE RESIDUE ANALYSIS

The percentage of acid insoluble residue measured for these core
samples in summarized in Table 2 of this report. These results
indicate that the percentage of ae-id insoluble mineral matter
present within these samples range between 87.5% and 90.4% of the
bulk volume. In light of the x-ray diffraction results reported in
Table 1, tha acid insoluble residue values indicate that in
addition to dissolution of the minor amounts of carbonate cement,
the acid solution was effective in dissolving a significant portion
of the clay matrix fraction present within these samples.

TABLE 3. GRAIN SIZE DISTRIBUTION ANALYSIS

The results of the grain size distribution analysis for each of the
three core samples from this well are included in Table 3 of this
report. The two uppermost samples from the reservoir (105.2 and
204.2 feet) are best described as moderately well-sorted, fine-
grained sandstone, and very fine-grained sandstone respectively.
Each of these two sandstones displays a normal or Gaussian size
distribution. The silt and clay fraction within the core sample
from depth 105.2 feet accounts for approximately 10.8 weight
percent. The silt and clay fraction within the ore from depth
204.2 feet accounts for 23.24%. The grain size distribution for
the lowermost core sample (235-236 feet) reflects the very poorly
sorted, coarse texture of the sandy pebble conglomerate
characterizing this interval. Very coarse sand to pebble-size
material accounts for approximately 79.39% of the total sample
weight. The small volume of silt and clay observed within the
grain size analysis of this sediment (1.43%) apparently contradicts
the results of the x-ray diffraction analysis and thin section
petrography presented for this sample. In partial explanation of
this discrepancy, it should be noted that a significant percentage
of the clay matrix detected in the x-ray analysis of this sample is
present as a primary constituent within many of the pebble to
granule-size rock fragments characterizing the mineralogy.
Additionally, the relatively small volume of sample material
employed in the x-ray diffraction analysis resulted in a sampling
bias which favored the more fine-grained matrix material, which is
admixed with the pebble to granule-sized clasts from this interval.



TABLE 4. POROSITY, PERMEABILITY AND GRAIN DENSITY ANALYSIS

Results of the helium porcsity, aii permeability and grain lensity
measurements for horizontal and vertical core plugs from the two
uppermost core intervals sampled in this ceservoir are presented in
Table 4 of this report. As mentioned in the introduction, che
coarse texture and disaggregated charactar of the lowermost core
interval (232-236 feet) prevented the successful sampling of this
core interval for porosity and permeability determination. Helium
porosity values for the core samples from depths 105.3 and 204.3
feet are 39.2% and 36.7% respcctively. These porosity values are
consistent with experimental porosities obtained for
unconsolidated, moderately to well-sorted, loosely-packed sandstone
reservoirs. Horizontal permeabilities for these two cores are
141md and 550md respectively. Vertical permeaoilities range
between 218md and 2115md. The vertica.l perme~ability of 2115md
reported for sample depth 204.3 feet is artificially high due to
the presence of a vertical fracture characterizing the vertical
core plug obtained from this sample. In general, the nermeability
values reported for these core plug samples are fairly low, given
the large volume of helium porosity measured. The lower than
expe'ted permeability values reflects a significant degree of
tortuosity within the intergranular pore network, and is directly
attributable to the large volume of clay matriA .ine als identified
within the sandstones. Grain density measurements for each of the
sandstone samples reported in Table 4 is 2.72 g/cc.

TABLE 5. SPECIFIC GRAVITY ANALYSIS

Specific gravity measurements for the three Jore samples from this
well are summarized in Table 5 of this report. Specific gravity
values range between 2.29 g/cc though 2.43 g/cc. The core s.unnle
from depth 105.2 feet displays the highest specific gravity value
observed (2.43 g/cc , reflecting the presence of minor amounts of
siderite and pyrite within sandstone.

TABLE 6. CATION ZXC NIE CAPACITY

The summary of the cation exchange capacity analysis is provided in
Table 6 of this report. CEC values for these sandstones range
between 3.38 and 11.20 meq/Na 100g of core. These values are
consistent with sediments containing significatit volumes of
smectite-rich clay matrix material. The core sample from depth
204.1 fcet displays the highest CEC value of 11.20 meq/Na 100g.
This maximum is consistent with the x-ray mineralogy for this
sandstone, given the large volume of smectite-rich clay matrix
identified for this interval (24% total matrix; see Table I).

TkBLE 7. TOTAL ORGANIC CARBON ANALYSIS

The percentage of total organic carbon measured for each of the
three core intervals is reported in Table 7 of this report. The
percentage of organic carbon ranges between 0.06% and 0.12%. The



uppermost core at 105.2 feet displays the largest percentage of
organic carbon which accounts for 0.12% of che bulk volume within
this sample.

FIGURES 1-3. SEM ANALYSIS

Results of the SEM analysis are presented in Figure plates 1-3,
together with the associated descriptive captions for each sample.
The SEM analysis of these sandstones indicates that these core
samples are comprised of unconsolidated, loosely-packed, matrix-
rich, litharenitic sandstone. The uppermost cores, at depths 105.3
and 204.2 feet respectively, are characterized by moderately well
sorted to well sorted detrital frameworks, which contain an
abundance of pore-filling and grain-coating smectite-rich clay
matrix material. The disaggregated sample from depth 235-236 feet
is characterized by a very poorly-sorted mixture of granules and
pebbles, admixed with intersticial silt and smectite-rich clay
matrix. The clay matrix present within this sample serves as a
binding agent for the finer-grained sand and silt fraction. The
abundance of smectite-rich clay matrix within each of the three
core intervals indicates that significant reservoir management
problems could result from induced fluid flow and/or pore fluid
salinity changes within the reservoir. The widespread presence of
smectite is likely to result in swelling and partial to complete
closure of intergranular pore throats upon exposure of the
formation to fresh water. The loosely-attached character of the
pore-filling clay matrix additionally suggests that clay migration
is likely to accompany enhanced production and/or injection rates
within this reservoir.

FIGURES 4-9. THIN SECTION ANALYSIS

Summaries of the petrographic analysis for each of the three core
samples from this reservoir are provided on the individual thin
section descriptions with representative photomicrographs presented
in Figures 4-9 of this report. The two sandstone samples from this
well (105.3 and 204.2 feet) are characterized as unconsolidated,
porous, fine-grained, well-sorted, matrix-rich, litharenitic
sandstones. These core intervals are loosely packed, and display
a predominance of point-to-point intergranular contacts, with
scattered patches of pseudomatrix derived from mechanically
squashed ductile rock fragments. Mineralogically, the two
sandstone samples are similar, and contain a predominance of
monocrystalline quartz, metamorphic rock fragments, volcanic rock
fragments, feldspar (plagioclase and K-feldspar), polycrystalline
quartz, and chert. Clay matrix components are relatively more
abundant within the sample from depth 204.2 feet. The clay
fraction is dominated by smectite within both of the sandstone
samples, ,rhich occurs as diffuse clusters of pore-filling clay
matrix, as well as grain-coating authigenic clay. Much of the
pore-filling clay matrix is interpreted as infiltrated detrital
clay, which was introduced into these sandstones shortly following
deposition. Some authigenic clay matrix has been derived due to
the partial to complete dissolution and replacement of chemically



metastable rock fragments and feldspar grains. Macro pore volumes
within these two sandstones are visually estimated to range between
approximately 23 and 26% of the bulk volume. The predominant macro
pore type is intergranular porosity, with minor amounts of
intragranular dissolution porosity present in association with the
partially leached feldspar grains and rock fragments.
Intercrystalline micro porosity is significant within both
sandstones in association with the clusters of diffuse pore-filling
clay matrix material. The clay matrix has contributed to a highly
torturous flow network within each of the sandstone samples,
resulting in lowered permeabilities for these unconsolidated sand
intervals.

The disaggregated core sample from depth 235-236 feet is
characterized as a matrix-rich, sandy pebble conglomerate. The
thin section sample indicates a bimodilly-distributed texture
characterized by coarse sand to pebble-sized grains admixed with
silty and sandy clay matrix material. Detrital components include
quartz, volcanic rock fragments, metamorphic rock fragments,
feldspar (plagioclase and K-feldspar), sedimentary sandstone rock
fragments, and chert. Thin section porosity estimates are
meaningless for this sample, given the absence of an undisturbed
detrital framework. The abundance of smectite-rich clay matrix
material apparent in the thin section sample suggests that
permeability for this reservoir interval is unlikely to exceed the
values for the two sandstone samples reported in Table 4.

ENERGY DISPERSIVE CHEMICAL ANALYSIS (EDX)

Energy dispersive x-ray analysis of the three core intervals
indicates that silicon (Si) is the most abundant elemental
constituent (74.3-86.6%). The core samples are also characterized
by significant amounts of iron (Fe), which ranges between 10.6 and
18.4%. Minor elemental constituents include potassium (0.3-2.1%),
calcium (0.8-6.2%), and titanium (0.1-0.9%). It should be noted
that each of the core samples from this well contain significant
amounts of aluminum, as indicated by the asymetric left flank of
tHe silicon peaks on each of the three energy dispersive spectra.
The close spacing of the energy dispersive spectral lines for these
two elements precludes the accurate estimation of aluminum volumes
within these samples.

The conditions under which this report is presented are described
immediately following this report. it is our hope that these
results will prove useful in the successful development and
management of this reservoir. If you should have questions
regarding this report, or if we can be of further service, please
don't hesitate to call.

Timt B.MU Pr sident

Minee tY Ic



II. CONDITIONS AND QUALIFICATIONS

Mineralogy, Inc. will endeavor to provide accurate and reliable
laboratory measurements of the samples provided by the client. The
results of any x-ray diffraction, petrographic or core analysis
test are necessarily influenced by the conrW .ion and selection of
the samples to be analyzed. It shot.d be recognized that
mineralogical samples are commonly heterogeneous and lack uniform
properties. Unless otherwise directed, the samples selected for
analysis will be chosen to reflect a visually representative
portion of the bulk sample submitted for analysis. Where provided,
the interpretation of x-ray diffraction, petrographic or core
analysis results constitutes the best geological judgement of
Mineralogy, Inc., and is subject to the sampling limitations
described above, and detection limits inherent to semi-quantitative
mineralogical analysis. Mineralogy, Inc. assumes no responsibility
nor offers any guarantee of the productivity or performance of any
oil or gas well or hydrocarbon recovery process, based upon the
data presented in this report.
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PAGE 1.

CORE SLAB DESCRIPTION

CH2M HILL
Project SAC28722.55.1O; McClellan AFB-Davis Co--n. Site

104.0-106.5 feet

104.0-104.8 feet Very fine to fine-grained (vfU-fL), very well-
sorted, porous, litharenitic sandstone. The interval displays low
angle cross-bedding (inclined at approximately 5-20 degrees
relative to the horizontal). The mean grain diameter is
approximately 125 microns. The interval is mildly compacted and
unconsolidated. This subinterval completes a fining upward cycle
whose base is located at approximately 105.15 feet. The interval
displays a gradational basal contact.

104.8-105.15 feet Medium-grained (mL to mU), well-sorted, porous,
litharenitic sandstone. This sand interval is mildly compacted and
unconsolidated. The unit fines upward and is gradationally
overlain by the very fine-grained sand interval described above
(104.0-104.8 feet). The sandstone is cross-bedded, and displays
foreset dips of approximately 20-30 degrees relative to the
horizontal. The interval displays a gradational basal contact.

105.15-105.5 feet Medium to very fine-grained (mL to vfU), fining-
upwards, well-sorted, rounded, porous, unconsolidated, litharenitic
sandstone. This interval is locally matrix rich, with the
percentage of pore-filling clay matrix increasing within the upper
one-half of the unit. The sedimentary structures present within
the interval grade from low angle cross-bedding at the base to
parallel-bedded sand within the upper-one-half of the subinterval.

105.5-106.0 feet Missing

106.0-106.5 feet Very fine to medium-grained (vfU to mU),
moderately-sorted, rounded, locally matrix-laminated,
unconsolidated, litharenitic sandstone. The interval is cross-
bedded, and displays foreset dips ranging between 15 and 25 degrees
relative to the horizontal. A disturbed matrix laminae is present
at approximately 106.2 feet. The interval is matrix rich between
106.2 and 106.5 feet, and is characterized by lenses and laminae of
detrital clay matrix. The layer of medium-grained sand present
between 106.0 and 106.2 feet appears to be porous and permeable.



PAGE IA.

CORE SLAB PHOTOGRAPH

C112M HILL
Project SAC28722.55.10; McClellan rLFB-Davis Comm. Site

10O4.0-106.5 feet
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PAGE 2.

CORE SLAB DESCRIPTION

CH2M HILL
Project SAC28722.55.10; McClellan AFB-Davis Comm. Site

203.0-205.0 feet

203.0-205.0 feet Very fine to fine-grained (vfU to fU),( well-
sorted, fining-upwards, unconsolidated, locally matrix-laminated,
litharenitic sandstone. Fining upward cycles are present between
203.2 thru 203.5 feet, 203.5 thru 203.75 teet, 203.75 thru 204.5
feet, and 204.5 thru 205.0 feet. -Each of these cycles is capped by
thin laminae (approximately 3-10mm thick) of silty matrix material.
The cycles display sharp (erosional) basal contacts. The unit is
porous, mildly compacted, and unconsolidated. Sedimentary
structures include low angle cross-bedding (with foreset dips
ranging between 5 and 15 degrees relative to horizontal), which
grade into parallel-bedded sandstone and siltstone near the top oa
the fining upward cycles. Vertical permeability across the matrix
laminae is likely to be very low.



PAGE 2A~.

CORE SLAB PHOTOGRAPH

CU2M HILL,
Project SAC28722.55.10; McClellan A.FB-Davis Comm. Site

203.0-205.0 feet
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PAGE 3.

CORE SLAB DESCRIPTION

C52M HILL
Project SAC28722.55.10; McClellan APB-Davis Comm. Site

232.0-236.0 feet

232.0-236.0 feet This interval is comprised of matrix-rich, sandy
pebble conglomerate, which was collected as loore sediment at the
well site. As such, there are no preserved sedimentary structures
or meaningful texture relationships which can be derived from this
sample. Mineralogically, the pebbles are comprised of volcanic and
metamorphic rock fragments, as well as scattered chert clasts and
polycrystalline quartz fragments. The pebbles and granules are
separated by a significant percentage of very fine-grained sand,
silt, and clay matrix material, which is ubiquitous within the core
interval. The abundance of clay matrix, as well as the very
poorly-sorted character of the sediment from this interval,
suggests that permeabilities for this portion of the reservoir are
likely to be low.



PAGE 3A.

CORE SLA-B PHOTOGRAPH

CH2M HILL
Project SAC28722.55.10; McClellan AFB-Davis Comm. Site

232.0-236.0 feet
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TABLE 2.

ACID INSOLUBLE RESIDUE ANALYSIS

CH2M HILLProject SAC28722.55.10; McClellan APB-Davis Comm. Site

Depth % Acid

(feeta Insoluble

105.2 87.5%

204.2 88.3%

235-236 90.4%



TABLE 3.

GRAIN SIZE DISTRIBUTION ANALYSIS

CH2M HILL
Project SAC28722.55.10; McClellan AFB-Davis Comm. Site

Depth: 105.2 feet

Sieve Size Imm) Description Weight Percent

>2.00 Granule 0%
<2.00 >1.00 Very Coarse Sand .31%
<1.00 >0.50 Coarse Sand 9.23%
<0.50 >0.25 Medium -and 26.60%
<0.25 >0.125 Fine Sand 36.73%
<0.125 >0.0625 Very Fine Sand 16.33%
<0.0625 Silt and Clay 10.80%

Death: 204.2 feet

Sieve Size. im. Description Weight Percent

>2.00 Granule 0%
<2.00 >1.00 Very Coarse Sand .02%
<1.00 >0.50 Coarse Sand .81%
<0.50 >0.25 Medium Sand 9.11%
<0.25 >0.125 Fine Sand 25.20%
<0.125 >0.0625 Very Fine Sand 41.62%
<0.0625 Silt and Clay 23.24%

Depth: 235-236 feet

Sieve Size (mm) Description Weight Percent

>2.00 Pebble/Granule 56.95%
<2.00 >1.00 Very Coarse Sand 22.44%
<1.00 >0.50 Coarse Sand 9.16%
<0.50 >0.25 Medium Sand 5.03%
<0.25 >0.125 Fine Sand 2.72%
<0.125 >0.0625 Very Fine Sand 2.27%
<0.0625 Silt and Clay 1.43%
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TABLE 5.

SPECIFIC GRAVITY ANALYSIS

CH2M BILL

Project SAC28722.55.10; McClellan AFB-Davis Comm. Site

Depth Specific Gravity

105.2 feet 2.43

204.2 feet 2.34

235-236 feet 2.29



TABLE 6.

CATION ,EXCHANGE CAPACITY

CH2M HILL
Project SAC28722.55.10; McClellan AFB-Davis Comm. Site

Depth CEC
(meq Na/100g)

105.1 feet 6.43

204.1 feet 11.20

235-236 feet 3.38



TABLE 7.

TOTAL ORGANIC CARBON ANALYSIS

CH2H HILL
Project SAC28722.55.10; McClellan AFB-Davis Comm. Site

Det•h % ORGANIC CARBON

105.2 feet .12%

204.2 feet .06%

235-236 feet .08%



FIGURE 1.

CH2M HILL
Project No. SAC28722.55.10; McClellan AFB-Davis Com. Site

105.3 feet

A&B Low magnification views illustrating the fine-grained, Well-
sorted, and locally matrix-rich character of this
unconsolidated litharenitic sandstone. Although intergranular
macro porosity is apparent and abundant throughout these two
photomicrographs, the abundance of pore-filling clay matrix
admixed with very fine silt'and sand within the pore spaces
suggests that permeability for this interval could be
relatively low.

C&D Detailed views of a cluster of pore-filling smectite matrix
material. The horizontal lines distorting the field of view
in Figure ID are the result of electrostatic charging, which
is related to the abundance of loosely-attached clay platelets
and particles within the SEM sample prepared from this
unconsolidated sample.

Magnifications:

1A - 60X
lB - 150X
IC - 500X
ID - 1150X
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FIGURE 2.

CH2M HILL
Project No. SAC28722.55.10; McClellan APS-Gavis Cor. Site

204.2 feet

A&B Low magnification views of this porous, well-sorted, fine-
grained, unconsolidated, litharenitic sandstone. Note the
abundance of pore-filling and grain-coating clay matrix
apparent in Figure 2B (center).

C&D Detailed views of a cluster of authigenic smectite, which has
partially obstructed an intergranular pore throat (center;
Figure 2C). The smectite is apparently draped with traces of
fibrous illite matrix material as illustrated in the central
portion of Figure 2D.

Magnifications:

2A - 40X
2B - 125X
2C - 50OX
2D - 100OX
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FIGURE 3.

CH2M HILL
Project No. SAC28722.55.10; McClellan AFS-0avis Comn. Site

235-236 feet

A&B Low magnification views of this artificially-packed,
unconsolidated, very poorly-sorted, sandy pebble conglomerate.
Note how the smectite-rich clay matrix material drapes the
pebble surface in the right-central portion of Figure 3A.
Smectite-rich clay matrix mazerial, as illustrated in the
central portion of Figure 3B, is responsible for loosely
binding the silt and sand grains present between the pebbles
within this disaggregated core sample.

C&D Detailed views of the authigenic clay matrix material which
coats the detrital grain surfaces and fills many of the
intergranular pores within this sediment. The crenulated
appearance of the matrix edges apparent in the bottom-central
portion of Figure 3D is characteristic of smectite clay.

Magnifications:

3A - 35X
3B - 125X
3C - 300X
3D - 880X
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THIN SECTION DESCRIPTION

CH2M HILL

Project No. SAC28722.55.10; McClellan AFB-Davis Comm. Site

105.3 feet

This core interval is comprised of porous, fine-grained (fL), very
well-sorted, rounded, unconsolidated, litharenitic sandstone. The
mean grain diameter is approximately 0.15mm, with a maximum grain
diameter of 1.24mm. The sandstone is mildly compacted, and
displays a predominance of point-to-point intergranular contacts,
together with minor amounts of pseudomatrix. The detrital
composition is dominated by monocrystalline quartz, together with
metamorphic rock fragments (mostly schist, phyllite, and slate
fragments), volcanic rock fragments, plagioclase feldspar, K-
feldspar, polycrystalline quartz, and chert. Minor to accessory
grain varieties include glauconite, amphibole, pyroxene, and mica.
Several of the metamorphic rock fragments contain serpentine. Clay
matrix constituents are moderately abundant within the sample,
occurring as pore-filling, pore-lining, and grain-replacing
components. Smectite is the dominant clay variety. Clusters of
micro porous, pore-filling smectite are common within the sample,
and were probably derived as infiltrated clay matrix from overlyiag
sedimentary units. Metamorphic rock fragments, volcanic rock
fragments, feldspar, pyroxene, and amphibole are all locally
subject to replacement with smectite matrix. Pore-lining smectite
is widely distributed as an encrustation on the detrital grain
surfaces. Kaolinite is present as a minor clay variety, as
identified via x-ray diffraction analysis. Cement varieties
identified within the sample include minor amounts of siderite and
pyrite, which are irregularly distributed as subhedral to anhedral
crystalline masses, which have partially to completely replaced
scattered detrital grains within this sandstone. Some goethite is
also present as a replacement within iron-rich detrital grains.
The macro pore volume is visually estimated to account for
approximately 26% of the bulk volume. The macro pore volume is
dominated by intergranular porosity, together with minor amounts of
secondary intragranular dissolution porosity. Micro porosity is
common throughout the sandstone, and is present in association with
the scattered clusters of pore-filling clay matrix, as well as
within matrix-replaced detrital grains. Relative to the storage
capacity, the permeability of this sandstone is likely to be low,
given the widespread presence and abundance of pore-filling and
pore-lining clay matrix minerals. The abundance of smectite within
the pore network is likely to adversely affect fluid transmissivity
within this reservoir. Smectite is highly prone to swelling in the
presence of fresh water, and could significantly limit fluid
transmissivity due to obstruction and ultimata blockage of the
intergranular pore throats.



Figure 4. A low magnification view of this porous, fine-grained
(fL) , very well-sorted, unconsolidated, litharenitic sandstone.
15X 1.2=2.Ommu utncrossed nicols

CH2M HILL; Project SAC28722.55.1O; McCle2llan AFE-Davis
105.3 feet

Figure 5. This photomicrograph provides a detailed view of a
leached detrital grain which has been partially replaced with
diffuse clay matrix minerals (smactite; center). 100K 1"-0.25mm
uncrossed nicols



THIN SECTIOK DESCRIPTION

CH2M HILL
Project No. SAC28722.55.10; McClellan APB-Davis Cor. Site

204.2 feet

The core sample from this interval is comprised of porous, well-
sorted, subrounded, unconsolidated, matrix-rich, litharenitic
sandstone. The sandstone is fine-grained (fU), and displays a mean
grain diameter of approximately 0.17mm, with a maximum grain
diameter of 1.04mm. The detrital fabric is mildly compacted, and
displays a predominance of point-to-point intergranular contacts,
with scattered patches of pseudomatrix generated by mechanically
deformed and squashed ductile rock fragments. The detrital
framework is comprised of a combination of monocrystalline quartz,
metamorphic rock fragments (schist, phyllite, and slate fragments),
volcanic rock fragments, plagioclase feldspar, K-feldspar,
polycrystalline quartz, and chert. Minor to accessory detrital
components include glauconite, pyroxene, amphibole, epidote, and
mica. A large percentage of the metamorphic rock fragments are
enriched with respect to clay matrix minerals, and several display
serpentine/antigorite-ri'-h mineralogies. The matrix fraction is
comprised of detrital and authigenic clay matrix, which is
dominated by smectite. The authigenic clay matrix is present as a
pore-lining and grain-replacing constituent, whereas the detrital
clay matrix is present as clusters of loosely-packed pore-filling
clay, which is believed to have been infiltrated from overlying
sedimentary layers. Matrix-replaced detrital grains include
metamorphic rock fragments, volcanic rock fragments, pyroxene,
amphibole, and feldspar. Minor to accessory clay varieties include
kaolinite, chlorite, and illite. The pore volume is comprised of
a combination of macro porosity and intercrystalline micro
porosity. The macro pore volume consists of intergranular voids,
together with minor amounts of intragranular secondary disaolution
porosity. The macro pore volume is visually estimated to Account
for approximately 23% of the bulk volume. Secondari intragranular
pores are largely present due to the partial to complete
dissolution of detrital feldspar grains and rock fragments.
Intercrystalline micro porosity is abundant within the sample, and
is present in association with the clusters of pore-filling clay
matrix minerals. The permeability of this interval of the
reservoir is expected to be moderate to low, given the ubiquitous
presence of pore-filling and pore-lining clay*.



Figure 6. A low magnification view of this porous, fine-grained
(fL), well-sorted, unconsolidated, litharenitic sandstone. Note
the abundance of pore-filling clay matrix distributed throughout
this field of view (olive green to gray). 1SX 1.2"=2.Omm
uncrossed nicols

CH2M 9ILL; Project -AC28722.55.10; McClellan AFB-Davis
204.2 feet

Figure 7. Pore-filling detrital clay matrix (smectite) is nearly
ubiquitous throughout the f:amework of this sandstone. Note the
tan-colored, carbonate-replaced grain present in the lower left-
hand corner of this photomicrograph. 10OX 1'=0.25mm uncrossed
nicols

l.



THIN SECTION DESCRIPTION

CH2M HILL
Project No. SAC28722.55.10; McClellan AFB-Davis Comm. Site

235-236 feet

The core material collected from this interval of the reservoir was
disturbed and disaggregated at the well site. The representative
thin section of the disaggregated core from this interval was
prepared and is described as follows: the ;o-e material is very
poorly-sorted, unconsolidated, litharenitic, matrix-rich, sandy
pebble conglomerate. Texturally, this sample is bimodally
distributed, and displays a pebble fraction iith a n-,3an grain
die-meter '.f approximately 2.95mm, and a maximum grain diameter of
7.48mm. The fine grain fraction of the sediment is represented by
a mixture of sand, silt, and clay matrix separating the pebbles of
the conglomerate. Texturally, this material is best described as
matrix-rich, very fine-grained sand to coarse silt-sized, with an
average graizi diameter of approximately 0.065mm. The disaggregated
nature of the sediment precludes a meaningful description of the
packing configuration for this interval of the reservoir. The
pebbles and granules are suspended in a sandy and silty clay-rich
matrix throughout the thin section sample. The detrital framework
is comprised of a combination of quartz, volcanic rock fragments,
metamorphic rock fragments, plagioclase feldspar, K-feldspar,
sedimentary rock fragments (sandstone), and chert. Minor to
accessory detrital constituents include traces of pyroxene,
amphibole, and mica. Detrital clay matrix is ubiquitous as a pore-
filling constituent, and is admixed with silt and sand. Smectite
is the predominant matrix variety, wit, minor amounts of kaolinite
and illite also present. Minor to trace amounts of authigenic clay
matrix are present as replacements within the leached and altered
volcanic rock fragments, metamorphic rock fragments, and feldspar.
Pore space present within the thin section sample is artificial due
to the disturbed and disaggregated nature of the detrital
framework. If the clay matrix content observed within this thin
section sample is truly representative of the in situ conglomerate
interval, macro porosity values can be expected to be comparable to
the sample from depth 204.2 feet. Permeability values, however,
are likely to be significantly lower (relative to 204.2') due to
the very poor sorting of the sedimentary framework.



Figure 8. This low magnification photomicrograph provides a
general view of the very poorly-sorted character of this sandy
pebble conglomerate. The pebble in the right-central portion of
this field of view is a sandstone rock fragment, whereas the two
pebble-sized grains along the left-hand margin of the photo are
volcanic rock fragments. Note the abundance of sand and silt-rich
pore-filling clay matrix separating the pebble-sized grains. 15X
1.2"=2.Cmm uncrossed nicols

CH2M HILL; Project SAC28722.55.10; McClellan AFB-Davis
235-236 feet

Figure 9. Sand and silt-rich, pore-filling clay matrix minerals
(center) flanking pebble-sized rock fragments. The grain in the
bottom half of the photomicrograph is a metamorphic rock fragment,
whereas the dark-colored grain along the top margin of the photo is
a volcanic rock fragment. 32X 2.5"=2.Omm uncrossed nicols
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GRAIN SIZE DISTRIBUTION ANALYSIS

CH2M HILL
Project SAC28722.55.10; McClellan AFB-Davis Comm. Site

Sample ID: HWE-21 216"

Sieve Size (mm) Description Weight Percent

>2.00 Granule/Pebble 57.32%
<2.00 >1.00 Very Coarse Sand 22.10%
<1.00 >0.50 Coarse Sand 12.11%
<0.50 >0.25 Medium Sand 6.21%
<0.25 >0.125 Fine Sand 1.48%
<0.125 >0.0625 Very Fine Sand .62%
<0.0625 Silt and Clay .16%

Sample ID: MWE-22 200'

Sieve Size (mm) Description Weight Percent

>2.00 Granule/Pebble 48.87%
<2.00 >1.00 Very Coarse Sand 15.95%
<1.00 >0.50 Coarse Sand 14.37%
<0.50 >0.25 Medium Sand 10.76%
<0.25 >0.125 Fine Sand 8.02%
<0.125 >0.0625 Very Fine Sand 1.74%
<0.0625 Silt and Clay .29%

Sample ID: MW-19 79'

Sieve Size (mm) Description Weight Percent

>2.00 Granule/Pebble 30.95%
<2.00 >1.00 Very Coarse Sand 11.61%
<1.00 >0.50 Coarse Sand 21.75%
<0.50 >0.25 Medium Sand 19.91%
<0.25 >0.125 Fine Sand 12.07%
<0.125 >0.0625 Very Fine Sand 2.76%
<0.0625 Silt and Clay .95%

Sample ID: MWD-20 156'

Sieve Size (mm) Descrivtion Weight Percent

>2.00 Granule/Pebble 67.91%
<2.00 >1.00 Very Coarse Sand 8.06%
<1.00 >0.50 Coarse Sand 8.21%
<0.50 >0.25 Medium Sand 9.54%
<0.25 >0.125 Fine Sand 4.11%
<0.125 >0.0625 Very Fine Sand 1.58%
<0.0625 Silt and Clay .59%



page 2. GRAIN SIZE DISTRIBUTION ANALYSIS

CH2M HILL
Project SAC28722.55.10; McClellan AFB-Davis Comm. Site

Sample ID: MWD-21 160'

Sieve Size (mm) Description Weight Percent

>2.00 Granule/Pebble 15.52%
<2.00 >1.00 Very Coarse Sand 16.32%
<1.00 >0.50 Coarse Sand 28.09%
<0.50 >0.25 Medium Sand 24.08%
<0.25 >0.125 Fine Sand 10.03%
<0.125 >0.0625 Very Fine Sand 4.64%
<0.0625 Silt and Clay 1.32%

Sample ID: MWD-22 160'

Sieve Size-(mm) Description Weight Percent

>2.00 Granule/Pebble 63.65%
<2.00 >1.00 Very Coarse Sand 8.74%
<1.00 >0.50 Coarse Sand 13.44%
<0.50 >0.25 Medium Sand 11.75%
<0.25 >0.125 Fine Sand 1.79%
<0.125 >0.0625 Very Fine Sand .52%
<0.0625 Silt and Clay .11%

Sample ID: MWC-20 105,

Sieve Size (mm) Description Weight Percent

>2.00 Granule/Pebble 4.83%
<2.00 >1.00 Very Coarse Sand 1.61%
<1.00 >0.50 Coarse Sand 8.94%
<0.50 >0.25 Medium Sand 41.75%
<0.25 >0.125 Fine Sand 31.80%
<0.125 >0.0625 Very Fine Sand 7.21%
<0.0625 Silt and Clay 3.86%

Sample ID: PC-22 93-95"

Sieve-Size (mm) Description Weight Percent

>2.00 Granule/Pebble 12.83%
<2.00 >1.00 Very Coarse Sand 13.02%
<1.00 >0.50 Coarse Sand 33.02%
<0.50 >0.25 Medium Sand 31.68%
<0.25 >0.125 Fine Sand 5.89%
<0.125 >0.0625 Very Fine Sand 2.14%
<0.0625 Silt and Clay 1.42%



page 3.
GRAIN SIZE DISTRIBUTION ANALSYIS

CH2M HILL
Project SAC28722.55.10; McClellan AFB-Davis Comm. Site

Sample ID: PC-21 91'

Sieve Size (mm) Description Weight Percent

>2.00 Granule/Pebble 39.86%
<2.00 >1.00 Very Coarse Sand 27.40%
<1.00 >0.50 Coarse Sand 17.22%
<0.50 >0.25 Medium Sand 9.13%
<0.25 >0.125 Fine Sand 3.43%
<0.125 >0.0625 Very Fine Sand 1.96%
<0.0625 Silt and Clay 1.00%

Samale TD: EW3C 100-104'

Sieve Size (mm) Description Weight Percent

>2.00 Granule/Pebble 48.30%
<2.00 >1.00 Very Coarse Sand 17.19%
<1.00 >0.50 Coarse Sand 9.16%
<0.50 >0.25 Medium Sand 7.32%
<0.25 >0.125 Fine Sand 8.07%
<0.125 >0.0625 Very Fine Sand 5.29%
<0.0625 Silt and Clay 4.67%

Sample ID: EW2C 105-107'

Sieve Size (mm) Description Weight Percent

>2.00 Granule/Pebble 68.11%
<2.00 >1.00 Very Coarse Sand 14.05%
<1.00 >0.50 Coarse Sand 8.78%
<0.50 >0.25 Medium Sand 6.21%
<0.25 >0.125 Fine Sand 1.72%
<0.125 >0.0625 Very Fine Sand .99%
<0.0625 Silt and Clay .14%

Sample ID: EWIC 136'

Sieve Size (mm) Description Weight Percent

>2.00 Granule/Pebble 53.01%
<2.00 >1.00 Very Coarse Sand 21.43%
<1.00 >0.50 Coarse Sand 16.50%
<0.50 >0.25 Medium Sand 6.16%
<0.25 >0.125 Fine Sand 1.27%
<0.125 >0.0625 Very Fine Sand .93%
<0.0625 Silt and Clay .70%
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GRAIN SIZE DISTRIBUTION ANALSYIS

CH2M HILL
Project SAC28722.55.10; McClellan AFB-Davis Comm. Site

SampleID: EWIB 84'

Sieve Size (mm) Description Weight Percent

>2.00 Granule 1.58%
<2.00 >1.00 Very Coarse Sand .55%
<1.00 >0.50 Coarse Sand .63%
<0.50 >0.25 Medium Sand 3.73%
<0.25 >0.125 Fine Sand 20.72%
<0.125 >0.0625 Very Fine Sand 38.66%
<0.0625 Silt and Clay 34.13%



TECHNICAL MEMORANDUM E OfMHILL

PREPARED FOR: Davis RIiFS Report

PREPARED BY: Gerald Vogt

DATE: September 9, 1993

SUBJECT: Groundwater Contour Maps
Davis Global Communications Site
Delivery Order 5055

PROJECT: SAC28722.55.19

Purpose and Scope

Figures E-1 through E-15 present groundwater contour maps for August 1992,
November 1992, March 1993, May 1993, and July 1993 for the B, C, and D aquifers.
The groundwater elevations for each well are posted beside the well for ,each time
period. The August 1992 data represent a period of historic low water levels because
of California's extended drought and additional groundwater pump~ng in the vicinity
of the Davis Global Communications Site for the California Water Banking Project.
The levels presented for March 1993 represent a period of high groundwater levels'
because of greazer than normal rainfall.

The water level contours for the B and C aquifers are nearly identical while the D
aquifer levels are typically flat across the site. Flow directions range from south to
northwest in the B and C aquifers. Summer flow directions are usually to the south-
west in these two aquifers.

Further interpretation of these contour maps is presented in Chapter 3 of the
Remedial Investigation/Feasibility Study report, Hydrogeologic Conditions.

Time-concentration plots for Monitoring Wells MW-2., MW-4, MW-6, MW-7, MW-8,
MWB-14, MWC-14, MWD-14, MDW-2, and MWE-3 are presented in Attachment
E-1. Detected SCOCs from 1988 through February 1993 are plotted on the graphs
along with water levels. Further interpretation of these plots is presented in
Chapter 4 of the RI/FS Report.
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TECHNICAL MEMORANDUM F(a) MHII

PREPARED FOR: Davis RI/FS Report

PREPARED BY: David Toweli/CH2M HILL, Reno

Gerald Vogt/CH2M HILL, Redding

DATE: September 9, 1993

SUBJECT: Mass Estimates for Contaminants of
Concern in the Saturated Zone
Dav', Global Communicatiomis Site
Delivery Order No. 5055

PROJECr: SAC28722.55.18

Purpose and Scope

The purpose of this technical memorandum is to describe the procedures used to
estimate the mass of the contaminants of concern (COCS) that pose the greatest risk
present in the saturated zone beneath the Davis Global Comnmunications Site (Davis
Site). The mass of contamination present in the subsurface is an :mportant
consideration for developing and evaluating potential remedial actions at the site.
Contaminants in the saturated zone can be either dissolved in the groundwater or
sorbed onto the aquifer or aquitard materials. The contaminant mass estimates
presented in this technical memorandum incorporate both dissolved and sorbed
contamination.

The primary COCs in the saturated zone at the site are all volatile organic com-
pounds (VOCs). Specifically, they are the seven VOCs detected most frequently and
with the greatest concentrations above maximum contaminant levels (MCLs) in
groundwater samples from monitoring wells:

"Tetrachloroethene (PCE)
* Trichloroethene (TCE)

I I,1-Dichloroethane (I,1-DCA)
• 1,1-Dichloroethene (I,1-DCE)
* 1,2-Dichloroethene, both the cis and trans isomers (1,2-DCE)
* Benzene
* Vinyl Chloride

Individual mass estimates have been made for each of these compounds in each of
the distinct aquifers and aquitards present in the upper 200 feet of the saturated zone
beneath the site. Four separate aquifers, each with a ctxresponding overlying aqui-
tard, have been identified and delineated. The aquifers anr designated the B, C, D,

100128FC.RDD (Davis RI/F) F-i



and E aquifers. Within each of these aquifers, a target zone for remediation has
been delineated based on the extent of contamination in that aquifer. The extent of
contamination in each aquifer is based on contaminant data from groundwater
monitoring wells screened exclusively in that aquifer. The target zones for each
aquifer are shown in Figure F(a)-I through F(a)-4. Water quality data from
groundwater monitoring well samples taken during February and July 1993 are also
shown on the figures along with contaminant contours.

Approach

Estimating the mass of contaminants in the saturated zone requires two basic data
sets: data on the physical characteristics of the aquifers and aquitards of interest
(e.g., area, thickness, porosity, soil density, and fractional organic carbon content ffo]j)
and data on the contaminant characteristics in the aquifers of interest (e.g., contami-
nant concentration, contaminant distribution, and water-organic carbon distribution
coefficient [K.I,).

Table F(a)-I lists the source and range fo: each type of data gathered to complete
the mass estimate for each of the COCs at the site. For each COC and each aquifer
or aquitard, the values assumed for each parameter listed in Table F(a)- I are pro-
vided along with the mass estimates in Tables F(a)-2 through F(a)-8 (one table for
each of the seven COCs).

The following equation was used to estimate the dissolved mass of each COC in each
aquifer and aquitard:

D&uohd Consamwjnt Mass - aget area volume * perauily * avepge contamiua,. concentrtaion

where: Target area volume = target area * target area thickness
Average contaminant concentrations = As described in Table F(a)-I
(Average Contaminant Distribution parameter)

To estimate the sorbed mass of each COC in each aquifer and aquitard, the following

equation was used:

Sorbed Conanant Mass - target area sod ma average eonAwuam conetwradon * Koc * foc

where: Target area soil mass - target area v,.)lume a soil bulk density
Average contaminant concentrations = As described in Table F(a)-I
(Average Contaminant Distribution parameter)

These two equations are incorporated into Tables F(a)-2 through F(a)-8 to estimate
the mass of each COC in the saturated zone beneath the site. Results and
conclusions are discussed in the next section.

1OOI2MC.RADo (Davs RVFS) F-2
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Table F(a)-t
Data SoWrcea for Contaminant Mass Estimate$

Parameter Parameter Range of Values Data Source

Target Area (ft2) B: 453,000 Delineated on the basis of the areal extent of contaminants
C: 649.350 detected in groundwater samples from each aquifer. Target
D: 969,000 areas for aquitards are assumed to match the target area of the
E: 950,000 underlying aquifer.

Aquifer or Aquitard A-B: 25 Estimated from review of lithologic data collected dunng
Thickness (ft) B-C, C-D. D-E; 20 installation of monitoring wells at the site. In most cases. tse

B. C, D. E: 30 aquifer and aquitard thickness vanes across the site. The value
presented is an estimated average tbickness.

Porosity A-B. B-C. C-D, D-E: 0.45 Based on typical values for the specific soil types present in each
B: 0.40 aquifer and aquitard. Porosity was measured on C and E aquifer
C: 0.39 samples. The data are presented in Appendix D, Summary of
D. E: 0.35 Field Activity.

Soil Bulk Density All zones: 1.45 Based on average laboratory analyses of samples collected dunng
(gm/cm 3

) drilling at the site.

Ioc A-B. B-C: 0.002 Based on laboratory results from total organic carbon analyses.
C-U) D-E: 0.001

B: 0.0025

C: 0.001
D: 0.0008

E: 0.0007

Contaminant Concentr. Varies per aquiler and Based on analytical results from the Febreaty 1993 and July
tions contaminant 1993 groundwater sampling ement. Analytical results from these

sampling events can be found in Appendix U.

Average Contaminant Each aquifer target area (described above) was divided into
Distrib-!tion (in each polygons that approximate the portion of the target area
Aquifer and Aquitard) represented by data from each groundwater monitoring well.

Contaminant concentratitons n individual polygons were assigned
based on the February 1993 and July 1993 sampling data for the
well representing that Polygon.

Average, aquifer-wide concentrations were estimated by totaling
the weighted concentrations from indwvdual polygons (based on
the relative size of each polygon). Average concentrations in
each aquitard are assuimed to equal the difference divided by two
in the concentrationa estimated for the underyng and overlying
aquifers. The raw data tables and polygon areas are attached at
the end of this technical memorandum.

Koc (cm
3

/gm) PCE: 364 Values obtained from EPA's SubM-.face Contuamm t Guide.
TCE: 126 EPA/54,O2-90/0i I. October 1990.
1A-DCA. 30
.1j-U)CE: 65

1.2-DUCE: 59
lenzene: 71

Vin-ITl Chloride-. 8
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Results and Conclusions

The mass estimates developed using the data and equations described above are
discussed in this section. Tables F(a)-2 through F(a)-8 contain total in-place mass
estimates for the individual COCs. The tables include separate estimates for each
COC in each individual aquifer and aquitard. Mass estimates from these tables are
summarized in Tables F(a)-9 and F(a)-10.

As indicated in Table F(a)-9, PCE and TCE account for more than 60 percent of the
total mass present in the saturated zone beneath the site. In addition, these two
compounds account for more than 85 percent of the sorbed mass of contaminants.
The only other COCs present in significant quantities are 1,1-DCE and cis+trans-l.2-
DCE (Table F(a)-9).

The vertical distribution of contamination can be evaluated by comparing the esti-
mated contaminant mass values for aquifers B through E, which are successively
deeper. Table F(a)-10 lists the estimated contaminant mass for each aquifer and
aquitard. Table F(a)-10 indicates that over 82 percent of the estimated mass is
present above the C-D aquitard (aquifers B and C and aquitards A-B and B-C). The
limited contaminant mass present in the deeper units indicates that, while some
downward migration of contaminants is occurring, the layering present in the aquifer
system is inhibiting significant vertical contaminant migration. It should be noted that
the mass estimates for the C, D, and E aquifers are considerably less reliable than the
B aquifer estimates because of the smaller number of data points (monitoring wells).

In general, of the parameters used in the contaminant mass equations (listed in Table
F(a)-i), the average contaminant concentration estimates and the fractional organic
carbon content are the parameters with the greatest degree of uncertainty. This
uncertainty can be attributed to uncertainty in the actual distribution of contamination
and organic carbon content in aquifers resulting from the natural heterogeneity of the
aquifers in the area and the relative scarcity of data points in some areas and depths
(which results in larger distances between the wells and a less accurate estimate of
average concentrations).

IOOIZBFC.RDD (Dav RtIFs) F-19
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Table F(a)-1O
Cumulative Groundwater Contaminant Mass (lb/kg)

Cumulative

Total Per Mass Cumulative
Contaminant or Concern Dissolved Sorbed Zone ikg) Percentage

A-B 63.1128.6 76.9/34.9 140/63.5 140/63.5 22.7

B 6-1.1/30.43 113/51.3 180/81.73 320/145 51.8

B-C 64.6/29.3 50.5/22.9 115/52.2 435/197, 70.4

C 62.8/28.5 11.7/5.3 74.5/33.8 510/231 82.5

C-D 47.012t.3 9.0/4.1 56,25.4 566/257 91.6

D 2711/12.3 8.1/3.7 35.2/16.0 601P272 97.2

D-E 12.6/5.7 3-211.4 15.8/7.1 617/279 99.8

E .22/.1 .07/.03 .29/.13 618/280 100.00

Total (kg) 345/156 273/124 618/280 6181280

1l012WC.RDD (Dav RI/FS) F.21
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TECHNICAL MEMORANDUM F(b) C H"ILL

PREPARED FOR: Davis RI/FS Report

PREPARED BY: Kathryn MorrowiCH2M HILL, Redding

DATE: September 9, 1993

SUBJECT: Mass Estimates for Contaminants of Concern
in the Vadose Zone
Davis Global Communications Site
Delivery Order No. 5055

PROJECT: SAC28722.55.18

Introduction

The purpose of this technical memorandum is to present the procedures used to
estimate the mass of volatile organic compounds (VOCs) present in the vadose zone
at the Davis Global Communications Site (Davis Site). VOCs are chlorinated organic
compounds that readily volatilize into air. The presence of a significant quantity of
VOCs in the vadose zone could act as a source for future groundwater contamination.

The objective of the mass estimate is to determine which contaminants are the pri-
mary contaminants of concern (COCs) and to develop a conservative estimate of the
total mass of these contaminants within the vadose zone. The estimate of mass in the
vadose zone will be used as input to VLEACH, a one-dimensional, finite-difference
contaminant transport model. VLEACH will be used to estimate the future mass
loading of VOCs to the groundwater from existing vadose zone contamination. The
results of these calculations will assist in the selection of a remedial action for imple-
mentation at the site.

Figure F(b).1 shows the site, the extent of the contamination, and the areas into
which the site was divided to estimate the mass of VOCs in the vadose zone.

Table F(b)-I is a summary of the mass of contaminant found in each polygon through
the entire depth.

Approach

The determination of the VOCs in the vadose zone involved a review of all available
soil gas data collected at the site. These data are presented in Appendix U, Historic
Contaminant Data. The data used for this analysis were collected from two sources:

1001 $04 RD (Dayu WA!i) F-23
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A shallow soil gas investigation in October 1992

Sampling of five soil vapor monitoring wells (SVMNWs) in
December 1992

Table F(b)-1
Summary of Mass of VOCs in each Plygma

Polygon Mass of VOCs fktJ

1 1.7

2 1.9

3 1.5

4 1.0

5 0.2

6 9.5

7 3.0

6 18.5

9 5.8

10 1.7

1I 0 .0S Total _ 44.

On the basis of this data evaluation, the primary COCs were determined. A
contaminant was considered to be a COC if its mass represented greater than
1 percent of the total VOC mass at a particular location. The majority of the
detected contaminants were eliminated using this procedure, and the remaining
contaminants are presented in Table F(b)-2. Table F(b)-2 indicates the majority of
the vadose zone contamination at the site consists of tetrachloroethene (PCE).

As PCE and trichloroethene (TCE) account for approximately 94 percent o(f the total
mass of contamination, the combined value of these contaminants was considered
sufficient to obtain an estimate of the total mass of VOCs in the vadose zone. For
the calculations presented here, the vadose zone is considered to extend to 40 feet
below ground surface (bgs).

The depth intervals were determined by the sample location depths. The shallow soil
gas samples were usually taken at 5, 10, and 20 feet bgs. and the screened interval in
the SVMWs extended from 25 to 38 feet bgs. Soil gas samples were also collected
from the piezometers associated with each SVMW.
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Table F(b)-2
VOC Mass at Depth in the Vadose Zone (pg/kg)

Depth

S(feet bgs) ... . Total M ass % of
VOs0 to 5 6 to tI0 tt to 25 26 to 40 of VOC Total Mass

PCE 338.6 991.8 144.0 2, 4,33.6 5,254 90.1

TCE 25.4 14.42 90.7 114.4 244.9 4.2

1, I-DCE 0.8 0.9 6.8 11 19.5 0.3

Benzene 0.4 2.9 0.to 2. 6.0 0.1

Toluene 1.9 19.7 94.8 0.6 117 2.0

O-xvlene 08 41.4 0.4 0.0 42.6 0.7

m,p-xylene 6.9 138.6 4.1 0.0 149.6 2.6
I Vinl Chlirid X0. 0.0 .0.0 .1 0.1

Total VOC Mass 374.8 1,209.72 1,637.4 2,611.8 5,833.7
in Zone

Percent of Total in 6.4 20.7 28. 1 44.8
Zone

Mass Estimate Evaluation

The area in which the mass estimate was performed was delineated using the avail-
able data to outline the known extent of the soil vapor plume. The total area was
then subdivided into areas of similar contaminant concentrations, termed polygons.
The areas around the SVMWs were contained in smaller polygons as these were
areas of more intensive sampling. The area that did not fall within the polygons
established around the SVMWs was divided based on similar total VOC concentra-
tions. The site and the corresponding polygons are shown in Figure F(b)-l.

For Polygons 6 through 11, only shallow soil gas data were available. To compensate
for the lack of data in the lower zones of these polygons, the VOC concentration
found in the nearest SVMW was extrapolated into the adjacent polygon. This
procedure is considered to provide a conservatively high estimate of the VOC mass in
these polygons as the SVMWs were established in areas of high VOC contamination,
based on shallow soil gas and soil borehole sampling results.

"The procedure used to calculate the estimated mass of total VOCs was as follows
(HydroGeoChem, Inc., 1989):
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Soil Volume

* Estimate the extent of contamination

* Subdivide the area into areas (termed polygons) of similar contamirant
concentrations

• Determine the surface area of each polygon using a planimeter

* Determine the depth zones beneath the polygons based on lithology of
the layers and the distribution of the contaminant

* Determine the volume of soil in each zone

* Convert volume of soil to mass using an estimate of soil bulk density

Contaminant Concentration

• Review VOC data base

* Determin. contaminants of conccrn

* Sort contaminants based on areas and depths established above

* Convert soil gas concentrations into total soil concentrations based on
the following equations:

[. =Ký,*Pb'()/Kh+(6l- 8W)VP

K., was calculated using the following equation:

K., = (,,*

All variables are defined in Table F(b)-3.
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Table F(b)-3
Equation Variable Definitions

= Conversion factor used to convert soil gas concentrations (/Ag/1) to total soil

concentrations (cm 
3 'g sowi)

= Water-solid distribution coefficient (cml wawipg soo

Kh = Henr)'s Law Constant (Cali "

K,, = Water-organic carbon distribution coefficient _______

C, Soil gas concentration ( ,, M-U--'

C, = Total soil concentration (,cN&311

K, and K, are established parameters for each contami.iant and are presented in
Table F(b)-4.

Table F(b)4
Assumed Chemical Properties for COCs

K. IIK
VOC (cm 3 lg) (dimensionless)

PCE 6 0.545

TCE 126 0.30

II IDCE 65 0.87

Benzene 91 0.224

Toluene 151 0.28

O-Xylene 129 0.22

m,p;Xylene 1580 0.3

Vinyl Chloride 2.5 116

Source: Scheville. F. 1988. Dense Ch~ornawed Solvens. Lewis Publishers.
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The total soil concentration (C,/ g,,kg) was determined using:

Cr = C *K

The parameters assumed as constant for the calculations are presented in
Table F(b)-5.

Tale F(b)-5
Assumed Soil Properties

Bulk Density-pb (gr'cm 3) 1.45

Total Porosity-Ot (%) 40 J

Water-filled Porosity - ew (%) 2_

Fraction of Organic Carbon--f 0.0022

The total soil concentrations of each contaminant in the vo!umes pre.ionsiv
established were summed to find the concentration of total VOCs

The concentrations were used to determine the apprcximate total VOC mass in each

depth zone within a polygon.

Attachment F(b)-I is an example of the procedure used to obtain the mass estimate.

Results and Conclusions

The results obtained from tht estimate of the mass of VOCs in the vadose zone indi-
cate that the contamination primarily consists of PCE (90.1 percent) and 45 percent
of the total mass resides between 26 through 40 feet bgs. As indicated in
Table F(b)- 1, the greatest mass of Lontaminant resides in Polygon 8. This value is
conservative as the data from the adjacent soil vapor monitoring at a depth of 26
through 40 feet bgs were extrapolated to the much larger polygon area. The extent
of the contamination, indicated in Figur,: F(b)-l, is based on the results of the shallow
soil gas survey.

Table F(b)-6 presents the data for each polygon area used in estimating the mass of
VOCs in the vadose zone. In the case where O's are present, the sample results
indicated nondetectable levels of VOCs in the depth interval. In the cases where data
were not available, data from the SVMWs were extended to surrounding polygon
areas, as described previously.
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F Taole Fib4-6

______________ - Mass Estimates for the V~adose Zone 10 to 40) it bu~s)

I ~ ~ Soil Depth M A' of Total VOC NXwas of Mass% of Mass of J
Palxgon Area 1nternaI Soil Volume Soil ConcentrAtion VOCs VOCS VOCS

No. I ft-) I ft bgs) Al) (kin I Mgjult') 4gr4 (k g) I41b4

I 2.61(X) 0- i i Ill.( 541)4 204.46 40.93 04.0 1 04.01

6-1f) 1 3.t44(h)4 134,1 W (4 76.36 .40.78 1).4(4 0(44

I 1 2 9j x4(N) 1.6434()ii.1i) 40).29 64,;,N 0(.06 0414

26i-44 19.(K0 l.hw.A)(NM4 983.7" l.576,9,, 1.5 V 147

II U.X -452.44(X4 638. 11 2XM.2 (4,29 11'(4

I 25 3.(444X) I 6. 1 1i X S26.99 714.W4 0.71 .i57

26 -1 3 3,(A I j64(4 h2 L I 1<42.4,X 0.1X4 I X6

X444 0.144(i I .0 4N

1) 21.44444m4 'Y.t X A) 53.95 46.5 -.0 -1

- j1 j6-2i44 2.,',9.1 if ) 184.14 ~4 j 477.26 0.48 1'(1i
44 14 M 71.

I 7 -444 W~ 4I44 'Aj NO I X 3.194 ;6.~ 144 X 0.6 ,1

6-1o 7,4z! X 308.4 9)4 14444 0-6 x? 44 0.1 ().12

1 I1-25 22,qxi___ '2 5.f4 9) 42iIA it)__ _ I. ) 19 04 ?7

6.1)40i 1, 2544) -A 4

2s-41 to .9() 123.74(-4114 M) 7.2 4ii 0419 4427

2 N) 4n. 1201 X )4(M 1.t.01(4 W126-1 "455.14 44

6 -41444 1 5f I H x61 r i(3 6
9  

"

p - - fl.251 444ý7.4(4(4 li 5.902.4(4( I X. 19 X.t (49j 46

t j ~2t,-4o 04'7, h44 9) x 5)42144 i7.14II S.44'1610)1 X'so I__________ t)

744(4 44. 0'' q4 1.02 ;.1 t(g 149,14 242.14 44.24 lo 5
6-14 ~ 4.444 Ij .2 011 X) ;2.56 : 4 444.5 441

IIl 2i5 I X.lx.S 1 4 'X69.1 it A 0414(44 '4 DI X) 0(4)(4 444

26- 4 11 X. 14 (N 4.M49.1 N(X) i57 )44 2.712 2 2.71 i5'O
x i;iX -. - i') M W40(W 11)011 1 X )1M

'~ 5~14. 2 7 ;1(4) 140 ,9 10 (4.4 44 ) 4 ) .1(4R 4) 4 _'IM )

4 644 2i I).5 9 14.''2.0 7 4 Jf ).1U') Oj1)2 (U4) ~ 0. IN

-m '6.14 M44)4"r(4 Q2976.4)(4(4 li7. 144 I X 7441'4 IX. 17 44). i

I XN 7 ; f' X 1.44. 4((4 Ix44fHx .4(41 (1(4 x4 I4(4I4)(O4X
644 754(4 4492.1444) 'o." 21,4 444 44

6-M_____ 1.44 164 4444 44446
I I~x 25O 16.1 4(.(44 RI~44(4 -
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Some uncertainties encountered during the calculations were generated from limited

soil properties data. The f value was based on the average of four samples

collected during the installation of soil vapor monitoring wells. One bulk density was
estimated for the area, through the depth of the polygon areas so changes in the
stratigraphy were not accounted for. A constant total porosity and water-filled
porosity were assumed for all calculations. The sensitivity of the data to these

parameters was evaluated, and the 4 value was the only parameter that appeared to
cause any significant variation in the mass of VOCs. Table F(b)-7 presents data

based on three f4 values.

Senstivty nalsisforTable F(b).7

Sensitivity Analysis for foc on Mass Estimates on Polygon No. 1

Mass of Contaminant (grams)
Depth Interval

(fe) 4 = 0.001 4 = 0.0022 4 = 0.003

0 to 5 6.3 11.1 14.2

6 to 10 23.4 41.2 53.1

11 to 25 74.7 130 167.7

26 to 40 910.3 1,620.3 2,093.1

The f4 value used was based on sample results and is considered a fair represen-

tation of actual 4fo values at the site.

A low Henry's Law constant was used in the calculation of contamifian-t
concentrations in the sorbed and aqueous phases based on soil gas concentrations.
As the value of the Henry's Law constant increases the greater the mass of
contaminant existing in the vapor phase. The lower value provided a more con-
servatively high estimate of mass of the contamination.

Works Cited

HydroGeoChem, Inc. 1989. Revised Estimate of Volatile Organic Contaminant Mass
at the Phoenix-Goodyear Airport Superfund Site, Goodyear, Arizona. July.

Scheville, F. 1988. Dense Chlorinated Solvents. Lewis Publishers.

Utf2O.RinD (r"D,, RtM) F-31

10



Attachment F(b)-1



0MHILL SUBJECT Z~~, ~aA on~sv _QT

~ ,~1aS$ 7$rnA -r6PROJECT NO. Z l2 '3SHT OF2.

COA-'ý'OY40, VOL. ,A

os v x -r v-,• etrts 1"A ~ s sH ~7A C

t3ow cavcx-4rooso 051-r6A6 :,6F

0~~ /qý=0.?

Ko iz



C WfM HIII SUBJECT 1/1,5 BY NO. OATE

PROJECT NO. SHT OF

7@r.-/ 52-

6 /.5"Z(,Z7l- 0 .33

K-4-s -, Sol

-7-0''r, L- VCO(L -Abi) -7-6 5 P_,__

-rM6 A~PI9&Ka1IA-C /htI55 Or VXA (-' k(tA

-1/O 1/#C .33 40 :

-rflj'1MSS Or- I'Xs 004ACAVJ
I/- Z S 4L 5.& Ms



TECHNICAL MEMORANDUM G CGHLL

PREPARED FOR: Davis RIiFS Report

PREPARED BY: Pam Bates/CH2M HILL, Redding

DATE: September 9. 1993

SUBJECT: ARARs Analysis
Davis Global Communications Site
Delivery Order No. 5055

PROJECT: A C" 2"87 22.5 5.13

Purpose

This technical memorandum identifies potential Applicable or Relevant and Appro-
priate Requirements (ARARs) and other to-be-considered (TBC) criteria for the
remedial action alternatives presented in this Remedial Investigation/Feasibility Study
(RI/FS) for the Davis Global Communications Site (Davis Site). Section 121(d) of
Comprehensive Environmental Response, Compensation. and Liability Act of 1980
(CERCLA), 42 USC §9621(d), requires that response actions conducted under
CERCLA attain a level or standard of control of hazardous substances which com-
plies with applicable or relevant and appropriate requirements of federal environ-
mental laws and more stringent state environmental and facility siting laws.

Description of ARARs

Below is a discussion of the Federal and State statutes and regulations that have been
initially identified as ARARs. This discussion is not intended to serve as the final
determination of all ARARs for the Davis remedial action(s). This identification of
ARARs is an iterative process throughout the RUiFS, and the final determination of
ARARs will he made by the California Environmental Protection AgenLy (Cal/EPA)
and identified in the Remedial Action Plan/Record of Decision (RAP/ROD) for the
Davis Site.

ARARs include "applicable" and "relevant and appropriate" requirements. In addi-
tion to these promulgated standards, Cal/EPA may also use guidance advisories as
matters "to he considered." Applicable requirements are those cleanup standards,
standards of control, and other substantive environmental protection requirements.
criteria, or limitations promulgated under Federal or State law that specifically
address a hazardous substanne, pollutant, contaminant, remedial action, location, or
other circumstance at a CERCLA site.
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Relevant and appropriate requirements are those cleanup standards, standards of
control, and other substantive environmental protection requirements, criteria, or limi-
tations promulgated under Federal or State law that, while not specifically
"applicable" to a hazardous substance, pollutant, contaminant, remedial action,
location, or other circumstance at a CERCLA site, address problems or situations
sufficiently similar to those encountered at the CERCLA site that their use is well
suited to the particular site.

CERCLA provides that State requirements may be used as ARARs for Superfund
sites. To be considered an ARAR. the State requirement must be promulgated, it
must be more stringent than Federal requirements, and the State must identify the
ARAR in a timely manner. The State ARARs discussed in this technical
memorandum are based in part from the ARARs that were solicited and received
from various agencies. The agencies that provided ARARs include the Department
of Health Services (Office of Drinking Water), the Department of Toxic Substances
Control, the Regional Water Quality Control Board (Central Valley Region), the
Yolo-Solano Air Quality Management District, the Department of Fish and Game,
and the County of Yolo Department of Public Health.

In addition to legally binding laws and regulations, many federal and state environ-
mental and public health programs also develop criteria, advisories, guidance, and
proposed standards that are not legally binding but that may provide useful informa-
tion or recommended procedures. These materials are evaluated, along with ARARs,
as part of the risk assessment conducted for each CERCLA site to establish pro-
tective cleanup level targets and to help identify remedial action alternatives.

After completion of the risk assessment, if no ARARs address a particular situation,
or if existing ARARs do not ensure protectiveness, TBC advisorieo, criteria, or guide-
lines may be used to set cleanup targets. TBC values may have to be adjusted to be
applied in the risk assessment. For instance, TBC values expressed as dosages may
have to be converted to ambient concentration levels before they can be applied to a
site.

Section 121(e) of CERCLA states that no federal, state, or local permit is required
for remedial actions conducted entirely onsite. Therefore, actions conducted entirely
onsite must meet only the substantive and not the administrative requirements of the
ARARs. Actions that take place offsite are subject to the full requirements of fed-
eral, state, and local regulations.

ARARs can be divided into three categories:

4 Chemical-specific ARARs
* Location-specific ARARs
* Action-specific ARARs

Chemical-specific ARARs include those laws and requirements which regulate the
release to the environment of materials possessing certain chemical or physical
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characteristics or containing specified chemical compounds. These requirements
generally set health- or risk-based concentration limits or disharge limitations for
specific hazardous substances. If. in a specific situation, a chemical is subject to more
than one discharge or exposure limit, the more stringent of the requirements should
generally be applied. The chemical compounds examined Tn this document are those
that have been detected at the Davis Site above background concentrations in the
soil. soil gas and groundwater.

Location-specific ARA-Rs are those requirements that relate to the geographical or
physical position of the site rather than the nature of the contaminants or the pro-
posed site remedial actions. These requirements may lirm. the type of remedial
actions that can be implemented and may impose additional constraints on the
cleanup action.

Action-specific ARARs are requirements that define acceptable treatment and dis-
posal procedures for hazardous substances. These ARARs generally set performance,
design, or other similar action-specific controls or restrictions on particular kinds of
activities related to management of hazardous substances. These requirements are
triggered by the particular remedial activities that are selected to accomplish a
remedy. Since there are usually several alternative actions for any remedial site, very
different requirements can come into play. The action-specific requirements do not
in themselves determine the remedial alternative, rather, they indicate how a selected
alternative must be achieved.

Chemical-Specific ARARs and TBCs

Tables G-1, G-2. and G-3 present potential chemical-speL.fc ARARs for volatile
organic compounds (VOCs). sem ivolatile organic compoiunds and pesticides, and
metals in water, respectively, arranged by chemical compound. The major regulations
which contribute to the list of potential chemical-specific ARARs are the Safe
Drinking Water Act (SDWA) and California Department of Health Services (DHS)
State Maximum Contaminant Levels (MCL.s). The TBC chemical-specific materials
compiled for the Davis Site consider (1) Maximum Contaminant Level Goals
(MCLGs), (2) Federal Health Advisories, (3) California Department of Health
Services Action Levels, (4) California Inland Surface Waters Plan. Numerical Water
Quality Objectives, (5) California Proposition 65 Regulatxy Levels as Water Quality
Criteria, and (6) the National Pollutant Discharge Eliminawin System (NPDES)
permit for the groundwater treatment plant at McClellan Air Force Base (McClellan
AFB).

The Safe Drinking Water Act, 42 USC §3(X)(f), et seq.. prwides limits on the con-
centrations of certain hazardhous materials in drinking water "at the tap." The Act
establishes both MCLs. which are enforceable limits, and maximum contaminant level
goals, which are not enforceable against drinking water prnviders. When cleaning up
an aquifer, iEPA selects levels that are at least a.i protectu; as MCL.s, and to the
greatest extent possible, that are at le;,st as protective as non-wem MCLGs.
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In determining whether the SDWA applies to the groundwater underlying the Davis
Site, the groundwater classification and beneficial uses must first be identified. EPA's

policy for groundwater classification is set forth in the preamble to the National
Contingency Plan (NCP) (55 Federal Register 8752-8756). This policy uses the
groundwater classification system provided in the EPA Guidelinesftkr Groundwater
Classification under the EPA Groundwater Protection Siraiýe, (U.S. EPA. 1986).
Under this policy, groundwater is classified in one of three categories (Class I, II, and
!II) based on ecological importance, replaceability, and vulnerability considerations.
Irreplaceable groundwater that is currently used by a substantial population or
groundwater that supports a vital habitat is considered Class I. Class II groundwater
consists of groundwater that is currently being used or water that might be used as a
source of drinking water in the future. Groundwater that cannot be used for drinking
water due to insufficient quality (e.g., high sa!inity or widezpread naturally occurring
contamination) or quantity is considered to be Class III. The beneficial uses for the
groundwater at the Davis Site. as designated by the Regional Water Quality Control
Board, include municipal, agricultural, industrial, and domestic water supply. On the
basis of these beneficial uses, the groundwater could be classified as a Class 1I aquifer
because it has in the past, and may in the future, be used as a source of drinking
water.

CERCLA §121(d)(2)(B) provides that CERCLA response actions "shall require a
level or standard of control which at least attains Maximum Contaminant Level Goals
established under the Safe Drinking Water Act." The SDWA MCL standards are
based on human consumption of water for drinking, cooking. bathing, and other
similar uses. Economic considerations and technical feasibility of treatment processes
are included in the justification for these levels. MCLs are applicable to the quality
of drinking water at the tap pursuant to the SDWA and are ARARs for treated
gYroundwater when the end use is drinking water. California Department of Health
Services MCLs are enforced if the levels are stricter than the SDWA MCLs.

MCLs may also be used as water quality limits for bodies of water designated as
sources of drinking water in a Water Quality Co.-trol Plan. Because "he Water
Quality Control Plan for the Central Valley Region considers the beneficial uses of
the groundwater in the Davis area to include domestic water supply, MCLs may he
applied to treated groundwater that is or could potentiafly he used as a source of
drinking water.

MCLGs are established by EPA under the National Primary Drinking Water Regula-
tions and are the first step in establishing MCU-. These goals are set at levels which
represent no adverse health risks. MCLGs are set at zero for known and probable
human carcinogens.

Pursuant to 40) CFR Section 3(0.430(e)(2)(i)(B), MCLs and nonzero MCLGs are
relevant and appropriate as in situ aquifer standards for groundwater that is or may
be used for drinking water.
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1PA MCLs are the only federally enforceable drinking water regulations in Tables
G-l, G-2, and G-3. Some compounds have California MCLs, which are also enforce-
able because they are more strict than the EPA MCLs. The other criteria discussed
below are nonenforceable goals or advisories that are derived from health- related
data or information.

Many compounds in the tables have multiple standards and criteria. In the absence
of an MCL value, the more stringent TBC may apply. However, MCLs and TBCs do
not consider the mixture of chemicals that are present at the Davis Site and therefore
cleanup goals may be set below the chemical-specific requirements to adequately
protect human health and the environment.

Federal Health Advisories are TBC criteria published by EPA's Office of Drinking
Water. The lifetime health advisory (HA) numerical value is calculated using a 70
kilogram adult who consumes 2 liters of water per day. A relative source contribution
from water is also factored into the lifetime HA calculation. HAs are draft docu-
ments which are subject to change as new information becomes available.

The Reference Dose (RfD) is a daily exposure level which appears to be without
appreciable risk during the lifetime of a human. The units of the RfD are micro-
grams per kilogram per day. The RfD is derived from a "no observed adverse effect
level" (NOAEL) identified from an applicable animal study. These values are not
ARARs, but are TBC criteria.

The California Department of Toxic Substances Control (DTSC) (formerly known as
the Department of Health Services, or DHS) has developed drinking water action
levels as guidelines for the protection of drinking water systems. These levels are
advisory, not regulatory, and can be used as guidance where corrective-action-may be
required. These values are also TBC criteria. "

The Regional Water Quality Control Board (RWQCB) has developed a Basin Plan
for the Central Valley Region that establishes the beneficial uses of specific water
bodies within the region. To protect these beneficial uses, the State Water Resources
Control Board has adopted the Inland Surface Waters Plan. This plan establishes
water quality objectives for receiving waters to protect sources of drinking water and
aquatic life from various pollutants. Only values developed for the protection of
human health are listed on Tables G-1 through G-3. Valoes to protect aquatic life
have been developed for metals, but have not yet been developed for many organic
compounds, whic:, are the contaminants of concern (i.e., VOCs) at the Davis Site.
These TBC values may be applied to treated groundwater discharged to surface water
or runoff that may reach local streams during construction activities at the site. The
Inland Surface Waters Plan also may apply to runoff from crops irrigated with treated
groundwater.

The Safe Drinking Water and Toxic Enforcement Act (also known as Proposition 65)
establishes a discharge prohibition and warning requirement for carcinogens and
reproductive toxins. Under Health and Safety Code §25249.5, "No person in the
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course of doing business shall knowingly discharge or release a chemical known to the
State to cause cancer or reproductive toxicity into waters or onto or into land where

such chemical passes or probably will pass into any source of drinking water...."

Health and Safety Code §25249.6 prohibits any person in the course of business from
exposing an individual to such a carcinogen or reproductive toxin without first provid-
ing a clear and reasonable warning. Regulations in 22 CCR §12000, et seq., establish
"no significant risk" levels or "safe use numbers" for chemicals subject to the act.

EPA has previously considered whether Proposition 65 is an ARAR for federal
Superfund sites and has concluded it is not an ARAR because it does not impose a
more stringent level of control than Federal ARARs. However, these values are
TBCs.

The NPDES permit that was issued by the Regional Water Quality Control Board
(RWQCB) for the groundwater treatment plant at McClellan AFB may be considered
TBC criteria because it sets limitations for VOCs in the treated effluent. The
limitations are 1 ug/l for acetone, methylethylketone, and methyl isobutyl ketone, and
nondetect or 0.5 /zg/l for all other VOCs. The regulations used to develop the
McClellan AFB permit would be the same as those that would be applied to the
Davis Site.

EPA does not have set chemical-specific cleanup criteria for soil that would be
considered ARARs. EPA Region IX has drafted Preliminary Remedial Goals
(PRGs) for soil which were issued in April 1993 and updated on August 6, 1993.
PRGs are health-based concentrations that can be used as triggers for further investi-
gation or as initial cleanup goals if applicable. These draft remedial goals are
currently under revision and are not considered ARARs. They are, however, TBC
criteria.

Toxicity characteristic leaching procedure (TCLP) criteria have been adopted under
40 CFR 261.24 to determine when a waste will be defined as a characteristic RCRA
waste due to toxicity. These criteria set a regulatory limit at which the material must
be managed and treated as a RCRA hazardous waste. TCLP criteria are applicable
to all wastes, such as contaminated soil boring cuttings, generated at the Davis Site
which are taken offsite for disposal.

Cal/EPA Hazardous Waste Characterization criteria may also apply to contaminated
media removed from the site for disposal. Hazardous waste and extremely hazardous
waste criteria include Soluble Threshold Limit Concentration (STLC) and Total
Threshold Limit Concentration (TTLC) (Title 22, CCR, Chapter 11). These
concentrations are used to determine whether a waste is considered hazardous or
extremely hazardous for the purposes of treatment, storage, transportation, and
disposal.

Tables G-1 through G-3 do not include the TCLP, TTLC or STLC values since exca-
vation and offsite disposal of soil as a remedial alternative is not an option. These
hazardous waste criteria will be applicable only if contaminated media is taken offsite
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for disposal. Tables G-1 through G-3 also do not include chemical-specific require-
ments for air emissions. Selected air emission requirements are discussed under
action-specific and non-specific ARARs.

Location-Specific ARARs

Potential location-specific ARARs and other criteria for the Davis Site are listed in
Table G-4. Location-specific ARARs differ from chemical-specific or action-specific
ARARs in that they are not closely related to the site's waste characteristics or to the
specific remedial alternative under consideration. Location-specific ARARs are con-
cerned with the area in which the site is located. Actions may be required to
preserve or protect aspects of the area's environment or cultural resources that may
be threatened by the site's existence or by the proposed remedial actions.

The major statutes from which the regulations are derived which contribute to the list
of potential location-specific ARARs include:

0 Resource, Conservation and Recovery Act
* National Archaeological and Historic Preservation Act
* National Historic Preservation Act
0 Endangered Species Act
* Clean Water Act
0 Wilderness Act
0 Fish and Wildlife Coordination Act
* Scenic Rivers Act
0 Coastal Zone Management Act
* Marine Protection Resources and Sanctuary Act

Two executive orders are also included: the Executive Order ont the Protection of
Wetlands, and the Executive Order on Protection of Flood Plains. R18-8-264.18 (40
CFR 264.18(b)) applies to the citing of new hazardous waste treatment facilities
within the 100-year flood plain.

To the extent that the remedial action will affect historical resources, streams, flood
plains, or wetlands, Cal/EPA requires that the potential remedial alternatives comply
with the location-specific requirements. The major statutes and regulations included
in the list of potential location-specific ARARs ari described below.

Executive Order on Flood Plain Management

The Executive Order on Flood Plain Management requires Federal agencies to
evaluate the potential effects of actions that may take place in a flood plain to avoid,
to the extent possible, adverse effects associated with direct and indirect flood plain
development. EPA's regulations to implement this Executive Order are set forth in
40 CFR 6 §6.302(b). In addition, EPA has developed guidance entitled "Policy on
Flood Plains and Wetlands Assessments for CERCLA Actions," dated August 6,
1985.
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Archeological and Historic P'eservation Act

The Archeological and Historic ?reservation Act establishes procedures to provide for
historical and archeological data preservation which might be destroyed through
terrain alteration as a result of a Federal construction project or a Federally licensed
activity or program. If proposed remedial action activities would cause irreparable
loss or destruction of significant scientific, prehistorical, historical, or archeological
data, Cal/EPA would require adherence to the procedures in the statute to provide
for data recovery and preservation activities.

National Historic Preservation Act

The National Historic Preservation Act requires Federal agencies t- take into account
the effect of any Federally assisted undertaking or licensing on any dmistf-ci, shie, build-
ing, structure, or object that is included in or eligible for inclusion in the National
Register of Historic Places. As buildings at the Davis Site reach 50 years of age, they
will be evaluated for historic status in accordance with 36 CFR 800.4, Section 1906.
None of the buildings onsite are 50 years of age. They were constructed during the
1950s. No other archaeological or cultural resources have been indicated at the Davis
Site.

No structures are to be impacted by the proposed remedial alternatives. If an eligible
structure would have been adversely affected, the procedures for protection of
historic properties are set forth in Executive Order 11593 entitled "Protection and
Enhancement of the Cultural Environment" and in 36 CFR Part 800, 36 CFR Part 63,
and 40 CFR §6.301(c). These procedures are potentially relevant and appropriate for
any action that might impact historic properties.

Executive Order on Protection of Wetlands

The Executive Order on Protection of Wetlands requires Federal agencies to avoid,
to the extent possible, the adverse impacts associated with the destruction or loss of
wetlands and to avoid support of new construction in wetlands if a practicable alter-
native exists. EPA's regulations to implement this Executive Order are set forth in 40
CFR 6, §6.302(a). In addition, EPA has developed guidance entitled "Policy on Flood
Plains and Wetlands Assessments for CERCLA Actions," dated August 6, 1985.
Seasonal wetlands were found east of the fenced compound near the center of the
Davis Site. These wetlands were probably formed from winter rains and cover less
than 1 acre of the site. This area is outside the area of proposed remedial alterna-
tives.

Federal and State Waste Management Regulations

Both Federal and State solid and hazardous waste statutes have requirements pertain-
ing to location of facilities in flood plain areas. No permanent structures are pro-
posed as part of the remedial alternatives with the exception of a potential irrigation
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storage reseivoir and possible small-scale treatment plants. The proposed remedial
alternatives would not expose people or property to water-related hazards such as
flooding and would be located away from the flood-plain area that encroaches into
the southeast section of the site. No new permanent buildings are planned in the
100-year flood plain. To the extent that the remedy involves storage or disposal of
solid wastes, the Federal and State requirements governing siting and operation of
facilities in the flood plain would be potentially relevant and appropriate.

Endangered Species Act

Under the Endangered Species Act, remedial actions must avoid jeopardizing the
continued existence of listed endangered or threatened species or modification of
their habitat. If a listed species or their habitat may be affected by a remedial action.
consultation with the Fish and Wildlife Service may be necessary. Special-status
wildlife include Swainsons Hawks and Burrowing Owls. The proposed remedial
actions will have a less than significant impact on wildlife populations at the site.

Information regarding rare and endangered plants at the Davis Site was provided to
CH2M HILL by McClellan AFB. Five plant species of special concern were
identified at the site. These species include alkali milkvetch, vernal pool dodder,
alkali peppergrass, Colusa grass, and Solano grass. Colusa grass has been listed as
endangered in California and was identified in two seasonal wetland areas located
along the eastern- and western-most edges of the property.

Solano grass was found at either end of a seasonal wetland area that runs along the
west edge of the property, south of the compound area, and along the south edge of
the property. Solano grass is listed as an endangered species by the U.S. Fish and
Wildlife Service and by the State of California. This is the first population of Solano
grass to be discovered in Yolo County and only the third population known to
science. These two sub-populations (shown in Figure G-1) at the Davis Site total
many thousands of individual plants.

Construction and installation of extraction, treatment, and end-use facilities and

equipment will not affect the endangered botanical species found at the Davis Site.
No new facilities are planned in the areas where these grasses are located.

Action-Specific ARARs

The vadose zone and groundwater remedial alternatives and end-use options under
consideration are listed on the Table G-5.

The potential action-specific ARARs that relate to the remedial alternatives and end
use options listed above for the Davis Site are presented in Table G-6. The action-
sp,-cific ARARs include technology- and activity-based requiremL nts or limitations on
actions taken with respect to hazardous substances at the site.
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Table G-5
Vadose Zone and Groundwater Remedial Alternatives and End-Use Options

Media

Options Vadose Zone Groundwater

Capture Alternatives * Soil vapor extraction * Groundwater extraction
* Bioventing

Treatment Options e Electron beam technology * Advanced ultraviolet oxidation
* Adsorptive media * Granular-activated carbon
@ Catalytic oxidation 9 Air stripping

End Use Options 9 Air discharge * Irrigation
* Reinjection

For each action, a number of potential action-specific ARARs that may be applicable
or relevant and appropriate to implementation of the remedial action have been
identified. A description of the requirements associated with each potential ARAR
and a discussion of the conditions under which the ARAR would be applicable or
relevant and appropriate are included.

In addition to the action-specific requirements discussed in Table G-6, there are a
number of regulations or requirements that also contain chemical- and location-
specific aspects. These regulations or requirements may be considered relevant or
appropriate to several potential remedial alternatives. A more detailed discussion of
some of these ARARs is presented below.

Resource Conservation and Recovery Act

Many RCRA requirements are applicable or relevant and approiriate to the alterna-
tives presented herein. The RCRA program is a delegable program; the states may
manage the program in lieu of the EPA if the state statutes and regulations are
equivalent to or more stringent than the federal statutes and regulations. California is
authorized to manage the RCRA "base" program, i.e., the requirements in existence
before the passage of the Hazardous and Solid Waste Amendments (HSWA) of 1984.
The EPA enforces the requirements promulgated pursuant to HSWA. Therefore, in
some cases the applicable or relevant and appropriate RCRA requirement will be
cited as state law and in other cases as federal law.

"Contained in" Interpretation

The EPA's "contained in" interpretation provides that an environmental medium (e.g.,
soil, groundwater, debris, surface water) that has been contaminated by a listed
hazardous waste above a risk-based level or a level of concern must be managed as if
it were a hazardous waste. Therefore, the RCRA regulations may be applicable or
relevant and appropriate to the management of a contaminated environmental
medium.
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Land Disposal Restrictions

The !and disposal restrictions, 40 CFR Part 268. and the general land disposal prohi-
bition in absence of a permit (40 CFR 270.1) will be applicable or relevant and
appropriate to discharges of contaminated materials to land. The remedial
alternatives presented do not include land disposal of untreated material. Untreated
water and soil will remain within the CERCLA "unit."

Storage

The RCRA storage requirements, 40 CFR-264.170 to 254.178, will be applicable or
relevant and appropriate to the storage of. contaminated groundwater or soil.

Treatment

Soil vapor extraction units, air strippers, and the other treatment alternatives dis-
cussed in this RI/FS are miscellaneous RCRA units. Therefore, the substantive
requirements of 40 CFR Subpart X, including any closure and postclosure care, will
be applicable or relevant and appropriate.

Reinjection

RCRA Section 3020 is applicable or relevant at- I appropriate to reinjection of treated
groundwater into or above a format~an that contains an underground source of
drinking water.

According to the RWQCB, the reinjection of trated groundwater cannot degrade the
high quality of uncontaminated areas of the aquifer. Best Available Technology
(BAT) must therefore be applied to bring the concentration of contaminants to below
detection limits.

Closure and Postclosure

To the extent present or former RCRA units are identified in the source areas,
RCRA closure and postclosure requircmews may be applicable or relevant and
appropriate.

A waste management unit is required by 23 CCR 2580 to be closed in accordance
with an approved closure and postclosure maintenance plan. This will be necessary if
wastes are to be left in place that could adversely impact groundwater quality.

Air Monitoring for Precess Vents and Equipment Leaks

The requiremeats of 40 CIFR 264, Subparts AA and B8 and 22 CCR Chapter 15.
Artitce, 27 and 28, will be applicable or relevant and appropriate.
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Groundwater Monitoring and Groundwater Protection Standards

Groundwater monitoring requirements under 40 CFR 264 Subpart F are applicable if
the CERCLA remedial action involves creation of a new disposal unit, when rev"edial
actions are undertaken at existing RCRA units, or where disposal of RCRA
hazardous wastes occurs as part of the remedial action.

The requirements ot 40 CFR Sectiu_, 264.94 establish three categories of ground-
water protection standards that are potentially relevant and appropriate: background
concentrations, RCRA MCLs, and Alternative Concentration Limits. The MCLs
under the Safe Drinking Water Act are relevant and appropriate for the site (see
Chemical-Specific ARARs, discussed above). In complying with SDWA MCLs,
cleanup will also be consistent with RCRA MCLs. When no MCL has been estab-
lished, a remediation level that is the equivalent of a health-based ACL under RCRA
may be relevant and appropriate.

Groundwater monitoring requirements are also found in 23 CCR 2550.5. This section
states that the RWQCB shall specify monitoring points at the point of compliance.
The point of compliance is defined as "a vertical surface located at the hydraulically
downgradient limit of the waste management unit and extends through the uppermost
aquifer underlying the unit." This section is applicable to ay source contamination
areas.

Corrective Action

The proposed 40 CFR Subpart S corrective action regulations are TBC to land-based
remedial actions undertaken at th. Davis Site.

In addition to the federal requirements, 23 CCR 2550 !0 requires the discharger to
implement a corrective action program to remediate releases of hazardous waste. A
monitoring program should be established to demonstrate the effectiveness of the
corrective action. This applies to any source contamination areas.

Air Emissions Requirements

Ambient Air Quality Standards and New Source Review

Both the national (federal) and California governments have established ambient air
quality standards (NAAQS and CAAQS, respectively) for a a-u-,rm of air pollutants,
referred to as criteria pollutants. The criteria pollutants inclde:

* Carbon monoxide

* Lead

* Oxides of nitrogen (NOj) as nitrogen dioxide
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* Ozone (Reactive organic gases, also known as VOC, and NO, are
precursors t, ozone formation)

Particulate matter less than 10 microns in aerodynamic diameter

Sulfur dioxide

A project cannot czuse or contribute to an exceedance of the applicable NAAQS or
CAAQS. To ensure this, new or modified sources of air pollutants are required to
comply with new mource review (NSR) regulations. Remedial actions conducted
under CERCLA are required to comply with the substantive -equirements of
applicable iules and regulations but are not required to obtain permits. NSR
regulations are promulgated and permits are issued by the local air pollution control
districts in California. In the case of the Davis Site, the local regulatory agency is the
Yolo/Solano Air Quality Management District (Y-S AQMD).

The Y-S AQMD has proposed changes to its current NSR rules (Rule 3.4), adopted
in February 1980. The current rules require that proposed projects with net emis-
sions increase(s) greater than 250 lb/day must provide offsets for the affected
pollutant(s). Under the proposed changes, offsets would be required if the net emis-
sions increase(s) are greater than 15 ton/year or 82 lb/day. Under the current rules,
applicants are also required to apply Best Available Control Technology (BACT) to
proposed projects with net emissions increase(s) greater than 250 lb/day. With
proposed changes, BACT require.ments would be triggered if emission increases are
greater than 10 lb/day.

Other ARARs for the Davis Site include the following:

Y-S AQMD Rule 2.3-Ringelmann Chart: No person shall discharge
into the atmosphere from any single source of emissions whatsoever any
air contaminant, other than uncombined water vapor, for a period or
periods aggregating more than three minutes in any one hour which
exceeds 20 percent in opacity or a No. I on the Rin;elmann Chart, as
published by the United States Bureau of Mines.

Y-S AQMD Rule 2.5-Nuisance: The project should not create a
public nuisance. This includes a non-acceptable health risk, excess
odors, or other conditions that may result in complaints. All reasonable
precautions should be taken not to cause or allow the emissions of
fugitive dust from being. airborne beyond the property line from which
the emission originates.

Y-S AQMD Rule 3.1 -Authorizations and Permits Required: No
person shall build or operate any facility or equipment which may cause
the issuance of air contaminants of which may control air contaminants
without obtaining authorization from Y-S AQMD. The substantive
portions of this ruile are applicable.
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Y-S AQMD Rule 2.13-Organic Solvents: A person shall not discharge
more than 15 pounds of organics in any one day nor 3 pounds in any
one hour from any equipment or machine in which any organics come
into contact with flame unless the discharge has been reduced by at
least 85 perceat. In addition, a person shall not discharge more than
3,000 pounds of organics or 40 pounds of photochemically reactive
organics in one day nor more than 450 pounds of organics or 8 pounds
of photochemically reactive organics in any one hour, from any machine
or equipment used for employing or applying organics, unless the
discharge has been redured by at least 85 percent.

New Source Performance Standards

The federal EPA establishes new source performance standards (NSPS). These
standards reflect the degree of emission limitation and the percentage reduction
achievable through the application of the best technological system of continuous
emission reduction that EPA determines is adequately demonstrated for each
particular source category. The only NSPS source category that might be considered
applicable to the technologies being considered for the Davis site remediation is
incinerators, if a thermal oxidizer is employed. The requirements found in Subpart E
of 40 CFR, Part 60, are only applicable to incinerators with charging rates greater
than 50 tons per day. If used at the Davis Site, a thermal oxidizer would have a
charging rate far less than that regulated by the incinerator NSPS.

Requirements for Noncriteria Pollutants- Toxic Air Contaminants

In addition to the criteria pollutants discussed above, there has been increasing
concern about toxic air contaminants in recent years. Toxic air coraminants (TACs)
include airborne inorganic and organic compounds that ca= have both short-term
(acute) and long-term (carcinogenic, chronic, and mutageni:) effects on human
health.

Prior to the 1990 amendments to the Clean Air Act, the EPA conducted a program
to establish National Emission Standards for Hazardous Air Pollutants (NESHAPs).
NESHAPs were established for benzene, vinyl chloride, radionuclides, mercury, asbes-
tos, beryllium, inorganic arsenic, radon 222, and coke oven emissions. The 1990
Clean Air Act amendments require EPA to set standards for categories and sub-
categories of sources that emit hazardous air pollutants, rathe than for the pollutants
themselves. The deadline for the first set of EPA standards is November 1994.
NESHAPs set before 1991 will remain applicable.

Under Assembly Bill 1807, California has a program for identifying and developing
emissions cnntrnl and reduction methods for TACs. The California Air Resources
Board has identified 15 compounds as TACs and is developing measures for the
control of these TACs. None of the control measures developed to date for the iden-
tified TACs are applicable to the proposed remediation technologies or their
emissions.
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Y-S AQMD has not yet established levels of acceptable risk for use in evaluating the
impacts of new and proposed projects, such as the Davis site remediation. Based on
communications with the Y-S AQMD, levels currently being considered are similar to
those used by the Sacramento Metropolitan Air Quality Management District
(SMAQMD). SMAQMD has released a "Permit Procedure Regarding Criteria for
Calculating an Excess Cancer Risk to the Public Whom May be Exposed to
Carcinogenic Air Contaminants from a New/Modified Toxic Air Emission Source,"
September 9, 1991. This permit procedure requires screening and potentially refined
risk assessment of human health effects associated with exposure to toxic air contami-
nants. Both residential and workplace exposures must be evaluated. Cancer risks are
considered acceptable if risks do not exceed one theoretical excess lifetime cancer
case per million individuals. If the applicant applies Toxic Best Available Control
Technology (TBACT), risks are acceptable if they do not exceed 10 theoretical
lifetime cancer cases per million individuals. The proposed remediation project may
be required to conduct a risk assessment anid demonstrate acceptable risks, as
mentioned previously in the discussion of Y-S AQMD Rule 2.5 -Nuisance.

Porter-Cologne Water Quality Control Act

The State Water Resources Control Board and the RWQCBs derive their statutes
from Porter-Cologne and, as such, are responsible for the protection of existing and
probable future bcnefi'ial uses of State waters. Under Porter-Cologne, the Regional
Boards' objectives are achieved primarily though an ongoing basin planning program
and the establishment of requirements for the discharge of waste to waters or to the
land of the state where such discharge has the potential for water quality impacts.
Additionally, waste discharge requirements (WDR) are written to implement regula-
tions promulgated by the State Board in Title 23 of the CCR. The establishment of
the WDRs by the State Boards may be necessary to regulate any proposed otfsite dis-
charge where CERCLA waste has been mixed with non-CERCLA waste. The sub-
stantive requirements of Porter-Cologne would also be ARARs for nonsite remedial
activities. Requirements under Porter-Cologne could be chemical-specific, action-
specific, and/or location-specific.

State Water Resources Control Board Resolutions

Resolution 92-49 establishes policies and procedures for the oversight of investigations
and cleanup and abatement activities resulting from discharges which affect or
threaten water quality. The Regional Board is authorized to "require complete
cleanup of all waste discharged and restoration of affected water to background
conditions (i.e., the water quality that existed before the discharge)" or the highest
water quality which is reasonable if background conditions cannot be restored.
Technical and economical feasibility will be considered,

According to the RWQCB, "background" is defined as 0.5 /g/! for all VOCs. Under
this resolution, the contaminated groundwater at the Davis Site would need to he
remediated to 0.5 tsg/i. This level, as well as MCLs, has been considered in the
development of extraction options.
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Resolution 92-49 is currently considered a TBC because it is not a promulgated
policy. For this reason, the 0.5 ug,, cleanup criterion would be considered a remedial
goal, not an enforceable remedial requirement.

Resolution 68-16 requires the continued maintenance of high quality water of the
state. Unlike the federal antidegr idation policv, this state policy includes groundwater
as well as surface water. Water quality may not be allowed to be degraded below
what is necessary to protect the "beneficial uses" of the water source. beneficial uses
of waters in the vicinity of the Davis Site are identified in the Basin Plan for the
Central Valley Region.

Resolution 68-16 is an ARAR that applies most often to CERCL- cleanups that
involve extracting, treating, and discharging treated groundwater. Activities that
discharge to high quality waters (unaffected surface or groundwater) require the use
of "best practicable treatment or control" of the discharge to avoid pollution or
nuisance and maintain high quality. Best practicable treatment would take into
account technical and economic feasibility. This policy also applies to vadose zone
contamination because of the possibility that it may zontinue to degrade gro,.ndwater
quality, which would not he protective of beneficial uses. The requirement to
remediate soils and groundwater to background concentrations unless proven
technically and economically infeasible can also be found in 23 CCR. Division 3,
Chapter 15.

Waivers

CERCLA §12-1 provides that, under certain circumstances. an otherwise applicable or
relevant and appropriate requirement may be waived. These waivers apply only to
the attainment of the ARAR: other statutory requirements. such as that remedies be
protective of human health and the environment, cannot he waived. The waivers
provided by CERCLA §121(d)(4) are listed below.

1. Interim Remedy-The remedial action selected is only part of a total remedial
action that will attain such a level or standard of control when completed.

2. Greater Risk to Human Health or the Environment-Compliance with the
requirement at the site will result in greater risk to human health and the envi-
ronmenw than alternative options.

3. Technical Impracticability-Compliance with the requirement is technically
impracticable from an engineering perspective.

4. Equivalent Standard of Performance-The remedial action selected will attain
a standard of performance that is equivalent to that required under the other-
wise applicable standard, requirement, criteria, or limitation through use of
another method or approach.
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5. Inconsistent Application of State Requirements-With respect to "• state stan-
dard, requirement, criterion, or limitation; the state has not consis~ently
applied (or demonstrated the intention to apply consistently• the standard.
requirement, criterion, or limitation •n similar circumstances at other remedial
actions.

6. Fund Balancing-In the case of a remedial action to be undertaken solely
under Section 104 using the Fund; selection of a remedial action that attains
the level or standard of control in the requirement will not provide a balance
between the need for protection of publhc health and welfare and the environ-
ment at the site under conrideration, and the availability of amounts from the
Fund to respond to other sites that present or may present a threat to publie
health or welfare or the en, ironment, takw~zg into consideration the relattve
immediacy, of such thireats.

Additional Legal Requirements

Two additional legal requirements may be applicaible to the Davis Site, as described
below. These requirements may he applicable, although "hey are not environmenta'i
protection standards and therefore are not ARARs.

The Occupational Safety. anit Health Act (29 CFR 19!0.120)

The Occupational Safety and Health Act requirements for worker protection. traininC.
and monitoring are applicable to remedial actions at the Davis Site, and will also he
applicable to the operation and maintenance of any treatment facilities,. containme,,t
structures, o)r disposal facilities remaining onsite aifter the remedial action is
completed.

OSH-A regulates exposure of workers to a variety of chemicals in the workplace, and
specifies training programs, health and environmental monitoring, and emerger, cv pro-
cedures to he implemented at facilities dealing with hazardous waste and hazardous
,substances.

The OSHIA requirements to he implemented following site remedial actions (during
long-term site maintenance) are dependent on the site remedial actions seiected arnd
the nature of the wastes or hazalrdous substances remaining on the site
Reuuirements other than tho~se for hazardous waste sites may he applicable.

Standards for Transportation of Haz~ardous Waste
(40) CFR 263, 49 CFR)

These standards are applicable to wastes that are transported offsite. The transporta-
tiin standards detine the type.s of containers, laheling, and handling required tor ship-
mnent ofr hazardous wastes or regulated materials over public r-oads or by common



carriers. If any remedial alterniative includes offsite treatment or Jhiisoosal wastos.
treatment system effluents or residues, or other contaminated m~itzfrials. these
reoulations will be applicable. Any actiun or waste moanagemnent occurring olffslit:, is
subject to full Tegulation under tederal, state, and local law.
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Purpose and Scope

Field investigations have detected significant quantities of volatile organic compounds
(VOCs) in shallow (5 to 20 feet) and intermediate (20 to 40 feet) soil gas samples
collected at the Davis Global Communications Site (Davis Site), which is 4 miles
south of the City of Davis. The purpose of this technical memorandum is to present
an estimate of the long-term threat these VOCs may pose to groundwater beneath
the site. Field investigation results were used as a basis to simulate the movement of
VOCs through the vadose zone to groundwater over time. Groundwater dilution
calculations were then performed to estimate the concentrations of VOCs that can be
expected in the groundwater beneath the site because of contaminant loading from
the vadose zone. In this analysis, no attempt was made to include the current levels
of VOC contamination observed in the groundwater. The estimated incremental
groundwater impacts described herein are solely caused by the movement of VOCs
from the vadose zone.

The groundwater conditions at this site change significantly in response to seasonal
variations in natural recharge and irrigation pumping. Groundwater levels in the
B aquifer fluctuate by as much as 30 feet over the course of the year. This hydrologic
conditien produces a zone of the B aquifer (from approximately 40 to 70 feet bgs)
that is periodically flushed by rising and falling groundwater levels. Because this zone
is not truly unsaturated for most of the year, and liquid advection driven by fluctuat-
ing groundwater levels appears to be the dominant transport mechanism, this zone
was not included in these vadose zone simulations. The results presented here reflect
impacts to groundwater from contamination that resides in the permanent vadose
zone from the ground surface to a depth of 40 feet.
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Objectives

The main objective of these calculations is to evaluate whether a vadose zone remedi-
ation effort is warranted by the estimated future impacts on groundwater posed by
VOCs currently residing in the vadose zone at the Davis Site.

Approach

Initial Distribution of VOC Mass in the Vadose Zone

The accuracy of vadose zone transport simulations are directly dependent on an accu-
rate estimation of the initial vertical distribution of contaminant mass in the vadose
zone and on representative estimates of the soil properties through which the contam-
inants move. An estimate of the total mass of VOCs in the vadose zone at the Davis
Site determinea from measured soil gas concentrations was prepared by CH2M HILL
and is included as Appendix F(b), Mass Estimate for Vadose Zone Contamination.
The results of these mass estimate calculations indicate that greater than 90 percent
of the vadose zone VOC contamination at the Davis Site consists of tetrachloroethene
(PCE). As a result, this analysis is limited to the movement of PCE through the
vadose zone and the potertial impact of PCE on groundwater. Figure H-1 presents
the total soil concentrations (PCE) used in this analysis. Refer to Appendix F for the
details of the mass estimate calculations.

Vadose Zone Movement

The approach used to estimate groundwater impacts was to calculate the movement
of the PCE through the vadose zone to the water table, and then estimate the PCE
mass loading to groundwater over time. The analysis of vadose zone contaminant
movement considered three phases: contaminant dissolved in the liquid phase, con-
taminant existing as a vapor phase in the soil atmosphere, and contaminant sorbed to
the organic carbon fraction of the vadose zone soil. The trasport mechanisms con-
sidered dominant in this analysis were liquid adveetion downward to the water table
and gaseous diffusion into and out of surrounding cells d:iven by concentration gradi-
ents (Fick's Second Law'. A one-dimensional finite differeace computer model
(VLEACH) was used to carry out the necessary calculations. A diagrammatic repre-
sentation of the VLEACH model architecture, including al equations governing trans-
port between phases and cells, is shown in Figure H-2. Table H-I presents the
notation used herein.

It is not practical to quantitatively consider all of the procesm that may be affecting
contaminant transport at the Davis Site. The following is a list of all processes incor-
porated in the existing VLEACH model, and several procense that were not incor-
porated at this time. For the processes not incorporated, attempt was made to
qualitatively describe the effect these processes may have = the natural system and
our estimates.
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Table H-A
Equaion Variable Defi'itions

MT Total mass of contamination in a model cell IMI

AZ = Thickness of cells in VLEACH calculation fLJ

n Total porosity of soid [dimensionltssl

w = Water-filled porosity of soil (dimensionless]

at, = Bulk density of soil [M/el2

K . = Distribution coefficient for soil-water partitioning [l2/MI

Kh = Henry's constant for air-water partitioning [dimensionlessl

Cs = Contaminant concentration in sorbed phase JMIMJ

CL = oCntaminant concentration in the liquid phase Jin131

CE = Contaminant concentration in the gas phase [MNW]3 .

f = Fraction organic carbon in soil [dimensionlessl

K, = Organic carbon partition coefficient L03/Ml

D = Effective diffusion coefficient [L2IT]

q . Darcian flux of percolating water 1Lrl

In finite difference equations:

C = Refers to concentration of gas or liquid. depending on the equation IM/L31
t+At Refers to the time step at which the concentration is calculated

i-t = Refers to the cell number in which the concentration is calculated

Processes Incorporated In VLEACH

Liquid Advection. Uquid advection is the process of water in the vadose zone perco-
lating downward to the water table. In VLEACH, the only source of water to drive
liquid advection is infiltration of water through the land surface. In each cell, the
contaminant mass that resides in the liquid phase is redistributed accordihg to equilib-
rium assumptions, and liquid with a revised contaminant concentration ik transported
to the cell below. The rate of advection is determined by the recharge rate and water
content specified for the subarea of interest.

Gaseous Diffusion. Gaseous diffusion is the transfer of contaminant in the gas phase
into adjacent cells driven by a concentration gradient. If the gas-phase contaminant
concentration !s higher in a given cell than it is in an adjacent cell, the contaminant
will diffuse into the lower concentration cell until equilibrium is reestablished.

Sorption[Desorption. Sorption/desorption is the process by which contaminant mass
is exchanged between the liquid phase and the solid phase. The magnitude of this
exchange is described by a partition coefficient (KO), which depends on the properties
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of the soil, the liquid, and the specific contaminant of interest- For this application,
variation of the KD with liquid properties is not incorporated.

Volatilization. Volatilization is the process by which contaminant mass is exchanged
between the gaseous phase and the liquid phase. The direction and magnitude of this
exchange are estimated by an empirical constant known as Henry's constant (K.).
This constant depends on the properties of the chemical of interest.

Processes Not Incorporated In VLEACH

Preferred Pathways to Flow. The entire thickness of soid in the vadose zone is
assumed to be homogeneous and to behave as a uniform porous medium. In reality,
water moving in the vadose zone may follow preferred pathways. These pathways will
concentrate flow in a horizontal sense, both liquid and vapor, and reduce transport
times to less than those predicted from bulk soil properties. If infiltrating water
follows preferential paths, some volumes of soil may not be affected by advection, and
mass transfer from these soil areas will be dependent on the relatively slow process of
gaseous diffusion. By assuming that these pathways do not exist, we may be underes-
timating the time required to move vadose zone contamination into the groundwater.

Presence of Free Product. For VLEACH calculations, it is assumed that no free
product exists. Een if the solubility of a contaminant is exceeded in a model cell, no
free product forms. If free product is present at the site, it may significantly increase
the time required for vadose zone remediation. Density-driven flows of vapor phase
would also result. The mass that resides as a free product is isolated from the equi-
librium system and will only be releised when the aqueous concentration drops below
the solubility or the free product contacts soil vapor and directly 'Volatilizes into the
soil atmosphere.

Nonlinearity of Sorption Isotherms. Once of the assumptions made was that KD is
constant. In conditions of high concentration of the selected contaminant or all con-
taminants present, KD can decrease because of competition for sorption sites, and
sorption may be less extensive than that predicted by the original value of KD. This
assumption overestimates the mass of contamination sorbed to the vadose zone soil
and predicts a longer estimated period of vadose zone contribution of contaminant
mass to groundwater.

Mineral Sorltion. Use of the organic carbon partition coeficient (K,,) value to esti-
mate the K. for trichloroethane (TCA) and dichloroethane (DCA) assumes that all
sorption is onto soil organic carbon. Additional sorption onto soil minerals is also
possible, but is not incorporated in the present VLEACH model.

Nonequilibrium Conditions. The present VLEACH model assumes that all processes
and locations are at equilibrium.
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Liquid-Phase Dispersion. Liquid-phase dispersion was neglected in this model.
Dispersion can affxct tht. arrival time of a iissolved solute front and the rate of solute
removal from the vadose zone after most ot the solute mass is flushed out. Since the
front is assumed to have already ieached the water table, dispersion will not affect
the early mass loading or groundwater impacts. The peak impacts on groundwater
are expected to be small. Therefore, any affect that dispersion may have on '.ate
groundwater contaminant concentrations is not critical to this investigation.

In Situ Degradation. The assumption that no in situ degradation of contamination
occurs in the ,adose zone is conservative. If degradation is indeed occurring, we are
overestimat.ng the mass of solvent contamination in the vadose zone.

Boundary Conditions

Upper and lower boundary conditions must bc defined to run the VLEACH simula-
tions. These boundary conditions govtrn the transfer of mass between the vadose
zone and the atmosphere above and the water table below. These boundary condi-
tions are described in more detail beow.

Volatilization of Contamination Into the Atmosphere. The transfer oi gas phase
contam!nation from the top cell of the model into the atmosphere can be estimated
by VLEACH under two different boundary conditions. The first assumes that the
upper boundary is impermeable to gaseous diffusion. The second initia!izes the con-
taminant concentration in the atmosphere and estimates the vapor mass transport
from the resulting concentration gradient. Since the majority of the Davis Site is
unpaved and open to gaseous diffusion, an open upper boundary was selected for
these simulations.

Gas Exchange Between the Lowest Cell and the Groundwater. Toe VLEACH model
allows two options for describing the boundary cordition at the base of the vadose
zone. The first option is to assume that the water table is impermeable to gaseous
diffusion and therefore all mass exchange into the groundwater is caused by the pro-
cess of liquid advection. This option also prevents any upward movement of contami-
nant from the groundwater into the vadose zone. The second option is to assign a
contaminant concentration for the groundwater, which remains constant throughout
the simulation. Vapor transport under this boundary condition is calculated based on
the concentratior, gradient between the gas plase concentration in the lowest cell and
the vapor phase concentration that would exist in equilibrium with the specified
groundwater concentration. All of our conclusions here are based on the first option,
which assumes that the water table is impervious to gaseous diffusion. Laboratory
experiments recently reported in the literature suggest that this is a reasonable
assumption, as the capillary fringe above the water table acts as a significant barrier
to gas flow (McCarthy and Johnson, 1993). Because mass transport by liquid
advection is much greater than that by molecular diffusion through water, the
assumption of a closed lower boundary to gas diffusion is a reasonab!e representation
of the physical system at the site.
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Description of VLEACH Calculation

This section describes the sequence of steps and equations used by the computer pro-
gram VLEACH in predicting contaminant behavwor in the vadose zone. It is impor-
tant to note that the contaminant transport "model" is the set of governing equations
presented below with the appropriate boundary conditions imposed. The computer
program simply facilitates the solving of these equations in a timely fashion. Vari-
ables used in the following equations are defined in Table H-i.

Order of Calculation

Step 1-Calculate the Distribution of Contaminants Among the Three Phases. The
first step is to determine the equilibrium distribution of contaminant mass in the
vadose zone in the three phases (liquid, gas, and sorbed). This is done by calculating
the contaminant concentration in each phase according to the following equations:

Mr[1

CuALZ few + ne)+P

Mr [21
AZ [Ow + (n-Oew)K, + p, KDJ

MT

C, K '9 1 (31
,6z ' + (n-ow) - 'PbI

Step 2-Advective Transport of Liquid. The rate of advection is dependent upon the
:echarge rate defined for the polygon of interest. Cells gain water from the adjacent
cell above and lose water to the cell below. The mass moving from cell to cell via
advection is determined by the concentration of contaminant in the liquid residing in
the cells.

Step 3-Diffusive Transport of Gas. The contaminant in the vapor phase moves into
or out of adjacent cells in response to vapor concentration gradients that exist
between the cell of interest and adjacent cells.

Step 4-Recalculate Total Mass in Each Cell. After this exchange of vapor and liquid
between cells, the total mass in each cell is recalculated according to the following
equation:

Mr - AZ [OWCL + (n- 8)) C + pbCA] [41

Following this step, the total mass is redistributed into the three phases as described
in Step 1.
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Partitioning

Partitioning of contamination between the liquid phase and the organic carbon frac.
tion of the soil is assumed to be a linear relationship according to the following
equation:

KD - K. [51

The partition coefficient (K.D) can also be defined as:

C, [6]
CL

Exchange of contaminant between the vapor phase and the liquid phase is also linear:

[7]
CL

Advective and Diffusive Transport

The processes of advection and vapor diffusion are described by the partial differen-
tial equations (PDEs) presented below.

For advection: -" = -- f8
ac 0_

For diffusion:' a_ S D '-c [91

The approximate solutions to both of these PDEs are arrived at in a similar manner.
For brevity, only the advection case will be described here. First, the PDE is approxi.
mated with a finite difference equation (FDE) of the form:

Cil.A, -C,, _, ( c.-f, - *1 ,, - C,,.,]1 ) 1o,
At 20AZ

In this equation, the concentrations are averaged over Time Steps t and t+At. This
gives a value of concentration in the pore water between time steps, the time at
which the advection calculation is actually taking place.

If this equation is applied to each cell in the simulation, the resul: is a set of simulta-
neous equations that are most readily solved in matrix form. The program VLEACH
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converts the set of equations to matrix form and solves the equations using matrix
mathematics. An upper boundary condition is necessary for the top cell of the simu-
lation because the term C,.I becomes C0, which is undefined in the model. The con-
centrat'on used here is the contaminant concentration in the infiltration water, whiich
is zero.

Results Of VLEACH Calculation

The VLEACH model allows the use of only one vertical contaminant distribution per
site polygon. Since the distribution of contamination varies at different locations
across the Davis Site, the site area was divided into II polygons with similar contami-
nant distributions. These polygons are identical to those used in the mass estimation
procedure (Appendix F(b)) and are shown on Figure H-1.

In addition to an estimate of the initial vertical distribution ot contamination for each
polygon, VLEACH also requires estimates of the chemical properties of the contami-
nant of concern and an estimate of the properties of the soil through which the con-
taminant mcves. Table H-2 presents estimates of the transport properties of PCE
used in the VL.EACH simulations, and Table H-3 pr,,.its the assumed soil proper-
ties at the site. The references for the PCE chemical properis are included in
Table H-2, while the soil property estimates are based on laboratory testing of soil
samples collected during drilling onsite.

The output from the VLEACH program includes an estimate of the mass loading of
PCE to groundwater o:,er time. Figure H-3 presents tne total mass loading to
groundwater from all site polygons over time. It is apparenm ftom this figure that the
initial mass loading rate is approximately 450 g/yr of PCE, and !,his rate declines con-
tinuously over the 200-year simulatior. This pattern of mass loading is a result of the
fact that the majority of the contamiiant mass at the Davis Site resides at depths
near the water table. This mass distribut;o., .-liminates any lag time that may occur as
contaminants travel through the vadose zone before impacting groundwater.

Table 11-2
"retrachiorethene Chemical Propertie

Property Cuenhtrthi

Aqueous Solubility (mgil)" 150

Octanol/Water Partition Coetfidentb 764

' Henry's Constant (dimensionless)b 0.545

Free Air Diffusion CAoefficient (mZ/day)c 0.756

tmArthur D. Little, Inc., 1985.
'Schwille, 1988.
CMaCQy and Associates, 1986.
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Table 11-3
Assumed Davis Site Soil and Climatic Propelies

Bulk Density (cm') Z 1.4

Fraction Organic Carbon X)2

Total Porosity 0.4

Volumetric Water Content 1). 2

Recharge Rate (in.mNr) 19

Groundwater Impact Calculation

The impact of PCE residing in the vadose zone or groundwater was estimated using a
simple mixing cell model. Estimates of annual groundwater undertlow beneath the
site were calculated using Darcy's Law and the parameters listed in Table H-4. There
is significant uncertainty at this site as to the thickness of aquifer in which vadose
zone contamination mixes with native groundwater. The lack of a distinct, continuous
aquitard between the B aquifer and C aquifer, along with the similarity in ground-
water levels in these two units, suggest that they are at least partially hydraulically
connected. To address this uncertainty, caiculations were perfcrmed for both mixing
in the B aquifer and the combined B-C aquifer so that the affects of either scenario
could be examined. The method used to estimate groundwater contaminant concen-
trations is described in more detail in the following paragraphs.

The annual mass loading of PCE to the groundwater was obtained from the
VLEACH calculation. The groundwater PCE concentrations through time were cal-
culated using the following steps:

Step 1-Initialize groundwatcr concentration in the mixing celi. It was
ass-imed that the initial concentration of PCE in the mixing cell was
zero.

Step 2-Calculate mass leaving mix~ng cell during current time step:

MouT = QOUT CCtLL

where: Motrr is the solvent mass leaving the mixing cell, Qotr is the
annual flow rate out of the mixing cell, and C(TLt is the groundwater
solvent concentration in the inixing cell during the current time step.

Step 3-Calculate new mixing cell groundwater solvent concentration:

•'Et 
Vct.),(1
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where: MIN is the solvent mass entering the mixing cell from solvent
transport through the vadose zone, VELL is the total water volume of
the mixing cell. and MoUT and CCELL arz defined as above.

Step 4-Return to Step 2 and repeat for succes:ive time steps.

Table 11-4
Aquifer Parameters

HyKdraulic Conductivity of B Aquifer (ftlay) to

Hydraulic Conductivity of B-C Aquifer tft/day) 65

Transmissivir of B Aquifer (ft2/dav) 200 to 600

Transmissivav of B-C Aquifer (ft-,day) 1,3(X)

Porosity 0.4

Hydraulic Gradient (winter) (ftift) 0.001

Hydraulic Gradient (summer) (ftift) 0.()5

Flow Field Width (ft) 400

Figure H-4 presents the estimated incremental impacts on groundwater caused by
PCE contamination in the vadose zone. Results suggest that if contamination mixes
in the B aquifer only, PCE concentrations in groundwater will reach a maximum of
approximately 82 asgI1 after about 30 years. If the PCE mass mixes completely in the
combined B-C aquifer, PCE concentrations will reach a maximum of approximately
21 jtg/l in approximately 15 years. Lower groundwater concentrations are expected
with complete mixing in the combined B-C aquifer because of greater dilution of
identical mass loading rates.

Sensitivity Analysis

Many assumptions were made in the course of this analysis regarding the distribution
of contaminants at the Davis Site as well its the hydrogeologic framework through
which they move. While the transport properties of particular contaminants are fairly
well quantified, significant uncertainty exists in the magnitude and spatial variability of
the properties of the sediments at the site. Because variability in these properties can
significantly affect contaminant transport behavior, sensitivity analyses were performed
to investigate the effects of varying hydraulic conductivity and fraction organic carbon
on mass loading rates. The results of these simulatioms are discussed below.
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Hydraulic Conductivity

Figure H-5 presents the results of the sensitivity analysis on aquifer hydrault',
conductivity. Since the magnitude of the aquifer hydraulic conductivity does not
significantly influence the rate of water movement under unsaturated flow conditions,
the primary effect this parameter has on groundwater concentrations is to vary the
magnitude of dilution caused by groundwater underflow. The middle curve showu on
Figure H-4 is identical to the combined B-C aquifer groundwater concentration curve
presented in Figure H-3. Results of this analysis suggest that if the hydraulic conduc-
tivity is doubled, the peak groundwater PCE concentration drops to about 12 Ag/l. If
the assumed hydraulic conductivity is cut by half, the peak groundwater PCE concen-
tration increases to about 37 Ag'l.

Fraction Organic Carbon

Another soil property that can significantly affect contaminant movement in the
vadose zone is the quantity of organic carbon that exists in the soil. The greater the
quantity of organic matter present, the greater the mass of contamination that is
adsorbed to soil surfaces. This process will act to retard the movement of contami-
nants through the vadose zone and may significantly increase the length of time over
which the vadose zone continues to contribute contaminant mass to groundwater.
This affect can be observed in Figure H-6. As before, the middle curve is identical to
the combined B-C aquifer groundwater contamination curve presented in Figure H-3.
At lower fraction organic carbon (foe) levels in the soil, the contaminants flush
through the vadose zone more rapidly, producing higher initial contaminant concen-
trations in groundwater. At higher fc levels, the movements of contaminants through
the vadose zone are retarded, and groundwater contaminant concentrations build
more slowly. The opposite effects are seen in the groundwater concentration decay
portion of the curves. High fc levels produce a lower peak groundwater concentra-
tion, but contaminant loading persists longer into the future. Low f, levels produce
the opposite effect with a higher peak groundwater concentration and a shorter dura-
tion of mass loading to groundwater. For the r agnitude of contaminant concentra-
tions and fc levels that exist at the Davis Site, tLis parameter varies the estimated
peak groundwater PCE concentrations produced by mass loading from the vadose
zone by approximately 15 jtg/l (17 Asg/l to 32 gg/1).

Conclusions

The results of the analysis suggest that the mass of VOC contamination that exists in
the vadose zone at the Davis Site is a significant long-term threat to groundwater
quality. The PCE concentrations estimated are significantly above the State of
California maximum contaminant level (MCL) set for PCE (5 fsg/l). Results also
indicate that the groundwater contaminant concentrations will remain above MCLs
for a minimum of 10 to 15 years because of the continued movement of VOC con-
tamination from the vadose zone to groundwater.
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Purpose and Scope

The purpose of this technical memorandum is to set forth the approach, results,
and limitations of modeling of airflow in the vadose zone at the Davis Global
Communications Site (Davis Site).

The objective of the modeling was to evaluate the pumping rate and well locations
that would be needed to capture contaminants that exist within the vadose zone
target area at the site. The target area is shown in Figure I-1. For the purpose of
this technical memorandum, it is assumed that the bottom of the zone to be
remediated is at a depth of approximately 40 feet; therefore, the interval that is
between 40 feet and the seasonal water table is not addressed in this evaluation.

Modeling Approach

The approach to estimating the flow rates and extraction well locations was based on
the assumptions presented in Massmann, 1989. The most significant assumption in
this paper is that reliable predictions of the drawdown and flow pattern in a soil
vapor extraction well field can be modeled using techniques for saturated zone
groundwater modeling with appropriate adjustments for the lower density and
viscosity of air compared with water.

The modeling code that was used is MicroFem, a finite element code developed by
Hemker, et al. (1987, 1992). MicroFem can handle up to 4,000 nodes and four layers.
A recent enhancement of the MicroFem code allows modeling of transient as well as
steady-state conditions. For the application at the Davis Site, a two-layer steady-state
model was used.
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The assumed properties of the vadose zone that control the movement of air are
based on the results of air permeability testing conducted at the site. These values
are shown in Table 1-1.

Table 1.

Vadose Zone Properties Used in Mudeling

Vadose Zone Property Value

Air transmissivity of the upper permeable zone (ft'/day) 160

Air transmissivity of the lower permeable zone (ft2/day) 4.5

Vertical resistance of the upper confining layer (day) 120

Vertical resistance of the layer separating the upper and lower 18
permeable zones (day)

Modeling Results

The results of the soil vapor modeling show that the entire target area for the vadose
zone can be captured by pumping 50 cfm for each of the existing wells CH-1, CH-2,
CH-4, and CH-5. Flow'lines to the wells are shown in Figure I-W. On the basis of
travel time for air through the vadose zone to the extraction wells, the average time
of travel is about 30 days.

The time required to flush the contaminants from- the vadose zone within the target
area cannot be accurately predicted because local heterogeneities and contaminant
sorption will likely result in an extended period of contaminant release. For the pur-
pose of estimating the time required, it should be assumed that 1,000 pore volumes
need to be extracted from the vadose zone. This would mean that the vadose zone
extraction system would have to be pumped for about 10 years.

Limitations of Modeling

The results of the model indicate that the vadose zone target area can be captured by
pumping a total of 200 cfm from four wells. However, there may be areas within the
capture zone where the properties of the strata depart from the values assumed in
the model. Such heterogeneities, if present, could result in departures from the esti-
mated flow rates and number of wells to achieve capture. In addition, the air perm-
eability of the subsurface is likely not steady in time because of seasonal changes in
water content of the unsaturated sediments. During wet seasons, the yield of the
extraction wells may decrease because of lowered permeability.
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The limitations of the modeling call for careful monitoring of system operation,

especially during the first few years of operation.

Soil Vapor Extraction System Layout and Costs

Capital and operation and maintenance costs of the proposed system are summarized
in Table 1-2. Thze costs include materials plus associated installation, labor, operation
and maintenance, and power.

Figure 1-2 is a schematic of the manifold piping necessary to connect the four
extraction wells and route the offgas to a centralized offgas treatment facility. A
centralized blower station is proposed to supply the vacuum needed to extract vapor
from the extraction wells. Two 2-hp explosion-proof bowers capable of pulling
100 scfm each would be used in the blower station. A single air/water separator
would also be housed at the blower station to remove water from the airstream
before entering the suction of the blower.

Table 1-2
SVE System Costs

Item Coat (S)

Capital Outlays Item__o" 
_(S)

Pipes and Valves 14M500

Blowers with Controls 9,000

Air/Water Separator 400

Blower Shed 3,000

Electrical 4,000

Contractor Labor 18 000

Mobilization/Demobilization 10.000

Startup 8,000

Total Capital 66.900

Annual Costs

Power 2.000,lr

O&M (30% of Capital) 20.100
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Applicability of Standard Soil Vapor Extraction
to the Zone of Seasonal Water Table Fluctuation

The SVE assessment discussed in this appendix only included soils down to a depth of
40 feet. The zone of seasonal water table fluctuation located from 40 to 70 feet
below ground surface was not included in the assessment for two reasons:

Recent water level data indicate that the zone is below the water table
for approximately one-half of the year. Standard SVE can do nothing
to address the contamination while it is submerged.

* Soils within the zone are primarily fine-grained and will likely retain a
high water saturation percentage even after the water table recedes.
The combination of fine-grained soils with high water saturation creates
a low in situ air permeability that makes effective implementation of
SVE difficult.

For these two reasons, standard SVE is not at this time thought to be a viable reme-
diation method for the 40 to 70 feet below ground surface zone. A variation on SVE,
called dual-phase extraction, should be considered for this zone, as described in
Appendix 0.
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TECHNICAL MEMORANDUM J 0MHWIL.

PREPARED FOR: Davis RI/FS Report

PREPARED BY: Gerald Vogt/CH2M HILL, Redding

DATE: September 9, 1993

SUBJECT: Groundwater Extraction Evaluation
Davis Global Communications Site
Delivery Order 5055

PROJECT: SAC28722.55.13

Purpose and Scope

This technical memorandum summarizes the data evaluation performed to estimate
the amount of groundwater extraction required for containing and removing ground-
water contamination within identified target areas beneath the Davis Global
Communications site (the Davis Site). The groundwater in the vicinity of the fenced
main compound area at the site is contaminated with trichloroethene (TCE),
tetrachloroethene (PCE), and other chlorinated volatile organic compounds (VOCs).
In addition, petroleum and VOC contamination has been identified in the soil to a
depth of 65 feet below land surface in the same area. This technical memorandum
provides supplemental information for the Remedial Investigation/Feasibility Study
Report and is based on a similar technical memorandum produced for the Inter-
mediate Remedial Design Report (IRDR) (CH2M HILL May 1993). The scope of
this report addresses the following:

* Target areas for capturing contaminated groundwater
* Number and location of extraction wells
* Extraction rates
* Extraction and monitoring well construction
• Estimated concentrations of VOC and metals in extracted groundwater

The data analysis involved reviewing available regional and site-specific groundwater
data, identifying the target areas for remediation, and performing a groundwater
capture zone evaluation using a groundwater flow model. Results of these data
evaluations are provided below.
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Data Review

Regional Groundwater Hydrology

Figure J-1 is a contour map of groundwater elevations measured in privately-owned
wells in the fall of 1990. This time period represents a relatively low water level
period due to the drought and pumping during the summertime for irrigation. The
figure shows that the regional groundwater flow direction is to the east toward the
Sacramento River. Putah Creek, located approximdtely 1.5 miles north of the Davis
Site, discharges to the Yolo Bypass area. The Yolo Bypass area to the east of the
site appears to be a groundwater discharge area. Groundwater movement is usually
upward from deeper aquifers to shallow aquifers in groundwater discharge zones.

Groundwater levels in the vicinity of the site vary seasonally due to agricultural pump-
ing. Lands surrounding the site are used for agriculture, and the only water supply
for these lands is groundwater. Water levels usually decline in the summertime irriga-
tior, season (April to September) and rise during the wintertime (October to March).
The water levels can range from 30 to 65 feet in one year.

Most agricultural wells pump from depths of approximately 150 to 300 feet below
land surface (bls). These wells correspond to the D and E aquifers at the site.

Site-Specific Groundwater

Thirty-six monitoring wells, two piezometers, and four extraction wells have been
installed at the site since 1987. The well locations and site layout are shown in
Figure J-2. Several aquifers have been identified on the basis of hydrogeologic and
geophysical data collected while installing these wells. These aquifers, B through E,
represent preferential pathways or coarser-grained layers for groundwater flow. The
estimated extent of coarse-grained units is presented in cross sections in Chapter 4 of
the RI/FS Report.

A generalized conceptual model of the subsurface is shown in Figure 1-3. The model
is based on results of five aquifer tests and on available hydrogeologic data. CH2M
HILL performed three aquifer tests in C aquifer wells (MWC-3, MWC-12, and
MWC-14) in August 1992 (CH2M HILL, October 1992). Aquifer tests were also
performed at Well MWD-12 and MW-3 in January 1993 (C-1-2M HILL, March 1993).
The conceptual model incorp,.rates heterogeneities in the transmissivity of the B and
C aquifers derived from the varying thicknesses of coarse-grained materials in each
aquifer. The approach used to define the transmissivity distributions is presented in
the Capture Zone Evaluation Section.

Figure J-4 shows water levels measured at Monitoring Well Cluster 3 from June 1992
to July 1993. This cluster was chosen because it had the most data available. Water
levels measured in the B and C aquifers are typically within 0.05 foot from one
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another at most locations at the site. The B and C aquifers appear to be intercon-
nected aquifers or permeable zones. Figure J-4 also shows that water levels in the B
and C aquifers fluctuate up to 40 feet in 6 months. The hydraulic head in the D and
E aquifers fluctuates up to 65 feet within 6 months. Also, it appears that the vertical
gradients are usually downward in the summertime due to regional agricultural pump-
ing and upward in the wintertime when the aquifer is recovering. A lack of long-term
and consistent water level data exists for the site.

Because of the effects of agricultural pumping near the site, groundwater flow
directions and flow rates within aquifers beneath the site are variable. The
wintertime condition is characterized by northwesterly groundwater flow in the B and
C aquifers, high groundwater levels (30 to 40 feet bls), and a relatively low horizontal
gradient of 0.001 foot/foot. Summertime conditions are characterized by southerly
groundwater flow, lower groundwater levels (60 to 70 feet bis), and a significantly
steeper horizontal gradient of 0.01 foot/foot. Groundwater contour maps are
presented in Appendix E.

Contaminated groundwater has been detected in samples from B, C, D, and E aquifer
monitoring wells. A summary of analytical results for groundwater samples collected
in February 1993 (Radian, 1993) is provided in Table J-1. These results are the basis
for the target areas defined in the next section. The main contaminants are VOCs, of
which TCE has been found at the highest concentrations. Contamination has also
been detected in the site production well which is perforated in the C and D aquifers.

Target Areas

Figures J-5, J-5a, J-5b, J-6a, and J-6b show the target areas for groundwater
extraction. They are the areas for which groundwater should flow to the extraction
wells during pumping. The four target areas have been delineated on the basis of
available groundwater flow and groundwater quality data. The target areas for each
aquifer are presented in Table J-2. These target areas apply to the aquifers
previously termed by the International Technology Corporation (ITC) in 1992 as the
B, C, D, and E aquifers at the site. In this memo, the terms "B", "C", "D", and "E
aquifers" have been retained for convenience in discussion. However, these zones
may not be taterally continuous across the site and, as such, may not be corre!atable
stratigraphic units. Rather, they loosely define depth zones beneath the site. The
target areas approximately encompass the area in which contamination has been
detected through the July 1993 sampling.

Water quality results from the July 1993 sampling indicate that contamination has
spread in the C, D, and E aquifers. However, the results from additional
groundwater modeling indicate that extraction rates presented within this appendix
are adequate to capture the expanded target areas within the C, D, or E aquifers.
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Table J-I

EPA 8010/8020 Analytes Detected in February 1993

Aznalyte Detected (xgl)

Vinyl
Well I,I-DCE cis-l,2-DCE Chloroform PCE TCE Chloride I,I-DCA

MW-1 2.8 24 ND 8.1 27 7.5 ND
MW-2 24 30 ND 34 180 ND ND

MW-3 49 410 ND 170 350 82 ND

MW-4 ND .41 .49 .12 4.9 ND ND

MW-5 53 ND ND 350 37 ND ND

MW-6 ND ND ND 1.6 6.7 ND ND

MW-7 7 24 ND 6.7 70 ND ND

MW-8 2.7 2.6 ND .33 16 ND .73

MWB-1 ND ND ND 1.7 5.8 ND ND

MWB-4 ND ND ND .3 ND ND ND

MWB-II ND ND ND ND ND ND ND

MWB-13 ND ND ND ND ND ND ND
MWB-1- ND N5 ND ND -D ND ND
MWB-14 ND .53 ND ND .95 ND ND

MWC-3 ND .72 1.4 38 21 ND ND

MWC-4 ND ND ND ND ND ND ND
-WC.12 -D -D ND -.. -1. -ND...

MWC-12 ND ND ND 1.1 2.7 ND ND
MWC-13 ND ND ND ......... ND ND ............ ND ND

MWC-14 ND .5 ND ND .32 ND ND

MWD-1 ND ND ND ND ND ND ND

MWD-2 ND ND ND .33 .78 ND ND

MWD.3 ND 1.3 ND 26 .29 ND ND

MWD-4 ND ND ND ND .28 ND ND
MWD-- -.5 N N 6 N

MWD-10 ND .52 ND ND 6 ND ND
1 - --D - -1 N ND

MWD-13 ND ND ND ND .47 ND ND

MWD-12 ND ND ND 5.9 13 ND ND
MWD-13 ND ND ND ND 1.2 ND ND

MWD-14 ND .68 ND .79 15 ND ND

MWE-3 ND ND ND ND .31 ND ND

Source: Radian 1993.
ND: Not Detected. Data qualifiers are not shown.
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Table J-2
Aquifer Target Areas

B Aquifer C Aquifer D Aquifer E Aquifer
Tage Aea(f2)453,000 649,350 %969"0 950,000

Generally, the groundwater contamination concentrations within the B aquifer are the

highest at the site. Groundwater contamination concentrations generally decrease
with depth at the site.

Groundwater movement is slightly upward from the lower-lying E and D aquifers to
the C and B aquifers at the site during the wintertime when there is no agricultural
pumping. Therefore, a tendency for downward movement of contamination during
the winter months does not exist. Groundwater moves downward during summertime
conditions when nearby agricultural wells are pumping from deeper aquifers.
Hydraulic containment of the groundwater contamination was evaluated for both the
winter and ,ummer water level conditions.

Capture Zone Evaluation

Objectives

The objectives of the groundwater extraction system are to:

• Hydraulically capture the contaminated groundwater within the
established target areas under summertime and wintertime flow
conditions

* Create or maintain upward gradients from the lower aquifers (D and E)
to the upper aquifers (B and C) at the target area boundaries through-
out the year

Approach

A capture zone analysis was performed to determine the well locations and extraction
rates that hydraulically contain or capture groundv 'r within a target area for a wide
range of groundwater conditions. Two time periods were selected to represent typical
extreme groundwater flow conditions. The following scenarios were evaluated to
determine well locations and extraction rates to capture groundwater in the target
areas in the B, C, D, and E, aquifers:

* Wintertime Flow Conditions (March 1993): High water level/flat
horizontal gradient/upward vertical gradient

* Wintertime Flow Conditions (March 1993) with reinjection
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"* Summertime Flow Conditions (July 1993): Low water level/steeper
horizontal gradient/downward vertical gradient

"* Summertime Flow Conditions (July 1993) with reinjection

Extraction well locations were selected from modeling calculations. Actual locations
were used for Extraction Wells EW-1B, EW-2C, EW-3C, EW-1D, EW-2D, and
EW-3D.

The capture zone analysis was performed using the steady-state finite element model
MicroFem (Hemker, et al., 1988). The steady-state analysis was used to evaluate
capture for winter and summer groundwater flow conditions. If groundwater capture
can be obtained for the extreme conditions of winter and summer, then it will be
obtained for intermediate conditions. The MicroFem model allows up to four layers
and can incorporate heterogeneous transmissivities. A vertical resistance between
each layer must be specified. Four layers were used to represent the B, C. D, and E
aquifers. Figure J-3 shows how the model parameters represent the conceptual
model of the subsurface. The finite element grid dimensions are 10,000 feet by
10,000 feet, with the site nearly centered, as shown in Figure J-7. The grid consists of
2,186 nodes and 4,318 elements. The node spacing rangee from approximately 50 feet
within the target areas to 500 feet near the edge of the grid.

Transmissivity estimates for each aquifer are given in Table J-3. The transmissivity of
the B aquifer was estimated using the MW-3 aquifer test results and specific capacity
informatron from development pumping of EW-IB. The transmissivity distribution
within the B aquifer target area and within 500 feet surrounding the target area was
estimated by interpolating measured transmissivity values. Outside of this area, the
transmissivity of the B aquifer was specified to be 1,000 ftý/day. The transmissivity
values range from 100 to 1,000 ft'/day across the site.

Table J-3
Aquifer Transmissivity Values Used In Model

B Aquifer C Aquifer D Aquifer E Aquifer
Transmissitv (ft2/day) 100 to LOWAX1 1.000 to 3,60C 2.200 5,0(X)

The C aquifer transmissivity was estimated based on aquifer test results and results
from development pumping of the new extraction wells EW-IC, EW-2C, and EW-3C.
The transmissivity distribution of the C aquifer within the target area was generated
by the same method used for the B aquifer. Outside of the C aquifer target area, the
transmissivity was set at 2,250 ftW/day. The transmissivity values for the C aquifer
range from 950 to 3,600 WtZ/day across the site.

The transmissivity of the D aquifer was set equal to ,,200 ft2/day everywhere in the
model grid based on aquifer test results (CH2M HILL., March 1993). The trans-
missivity of the E aquifer was set equal to 5,000 ft2/day.
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Different boundaiy conditions were used for the low water level and high water level
scenarios. The contour maps of water levels in the B, C. and D aquifers in March
1993 (wintertime) and July 1993 (summertime) are attachied Water levels in the E
aquifer are presented for the July period because of additional wells installed durin-g
April and May 1993. The boundary conditions were selected to generate similar flow
conditions. Figure J-8 shows the bounda-y conditions applied for the wintertime and
summertime scenarios.

Uncertainties

The main unc.rtainties in the numerical model are:

* Hetcrogeneities
* Vertical resistance

Limited transmissivity data are available to specify how transmissivaty variec spatially
at the site. Heterogeneities in transmissivity were incorporated using lithologic
information as discussed in the previous section. The vertiLal resistance between each
aquifer was specified to be constant throughout the grid. The simulation results are
sensitive to the value input for vertical resistance.

Results

Wintertime Flow Conditions

Figures J-9 through J-12 present the simulation results for tie wintertime flow condi-
tions. For wintertime flow conditions, extraction well pumping ,,,as simulated at one-
third the rate as for summertime conditions to evaluate if capture was attained for
each target area. The simulated pumping rates for each extraction well are presented
in Table J-4. Pumping rates for the extraction wells were estimated based on devel-
opment pumping results for the B and C aquifer wel;s. Pumping rates for the D and
E aquifer wells were estimated based on transmissivity values for each respective
aquifer.
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Contours of groundwater elevation and flowlines to each extraction well for the B, C,
D, and E aquifers are shown in Figures J-9 through J-12. Horizon'al capture of the
target areas is attained with the pumping shown in each figure. Horizontal capture is
attained if all of the groundwater within the target area flows to an extraction well or
series of extraction wells.

Vertical capture was also evaluated. The goal during groundwater pumping is to have
constant upward gradients at the site within the target areas. Upward gradients are a
natural condition during the period from about October through April at the site.
The most critical period for maintaining upward gradients at the site is during the
summertime when natural vertical gradients are downward. Vertical capture was
evaluated by comparing the groundwater elevations of each respective aquifer at tle
target area boundaries. In all cases with the given pumping conditions, groundwater
levels were lowest in the B and C aquifers, suggesting that vertical groundwater move-
ment at the boundaries will have a tendency to flow upward. Upward groundwater
flow will prevent downward movement of contamination at the site.

Wintertime Flow Conditions with Reinjection as End Use

Reinjection of the extracted groundwater beneath the site is being considered as an
end use alternative for the treated water. Reinjection of the total amount of
extracted groundwater was simulated at a location approximately 2000 feet south of
EW-IB near the entrance road to the compound. During the reinjection simulation,
water was only injected into the E aquifer. Three injection wells were simulated in
the vicinity of the entrance road. Total injection rates of 200 to 275 gpm were
simulated. Up to 5 feet of groundwater level rise occurred near the reinjection wells.
However, capture of groundwater within the target areas was not affected by the
mounding of groundwater near the reinjection wells because of the distance between
the target areas and the reinjection location. Because limited site-specific hydraulic
information is available at the reinjection location, considerable uncertainty exists
regarding the actual rise of water levels.

Summertime Flow Conditions

Figures J-13 through J-16 show that groundwater capture is obtained for summertime
conditions in each respective target area by pumping each extraction well with the
volume given in Table J-5. Vertical capture is obtained at the target area boundaries
as well.
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Table J-5
Extraction Rates Simulated in Model to Obtais CapteuSummertime Flow Coadibms

Well Name ExtrAction Rate (gpw)

EW-IB 65 to W*

EW-2C 60 to 100

EW-3C 40 Io 50

EW-4C 100 1", 150

EW-ID 80"o100

EW-2D 50 to 60

EW-3D 80 to 100

EW-IE 100 to 12C

EW-2E 50 to 60

Total 625 to 920

Simulations were performed to investigate the sensitivity of the resulting capture zone
to the total amount extracted from each aquifer. The values presentcd in Table J-5
represent a range of extraction rates which are likely to achieve capture. The
simulations show that capture is obtained with the lower range of flow rates.
However, uncertainties in field conditions may warrant increased extraction from any
or all wells.

Summertime Flow Conditions with Reinjection as End Use

The reinjection analysis used for the wintertime was repeated for the summertime
condition. Three injection wells were simulated in the vicinity of the entrance road.
Injection rates of 200 to 210 gpm were simulated. Up t,. 12 feet of groundwater level
rise occurred near the reinjection wells. However, capture of groundwater within the
target areas was not affected by the mounding of groundwater near the reinjection
wells because of the distance between the target areas and the reinjection location.
Because limited site-specific hydraulic information is available at the reinjection
location, considerable uncertainty exists regarding the actual rise of water levels.

Extraction Optims

Groundwater modeling results and available transmissivity data indicate that
contaminated groundwater in the B, C, D, and E aquifers within the target areas can
be captured dunng summertime flow conditions by extracting a total of 625 to
820 gpm. The wintertime pumping only requires 205 to 275 gpm. The estimated
mass of contamination per aquifer is shown in Taoie J-6. Over 80 percent of the
mass of contamination is estimated to reside above the C-D aquitard. By reducing
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the summertime groundwater extraction from 625 to 820 gpm to 265 to 380 gpm, the
simulation results show that over 85 percent of the contaminant mass can be
captured. Likewise, the extraction rates for the winte-rtime can be reduced from 210.5
to 2-75 gpm to 85 to 110 gpm. The feasibility study will investigate the associated
differences between extracting groundwater from the B and C aquifers versus the B,
C, D, and E aquifers. Table J-7 gives the wintertime and summertime flow rates per
aquifer to obtain capture.

Table J-6

Estimated Mass of Contamination with Depth
______-Massof~

Aquifer/Aquitard Name contamination Cumulative
(Average depth his in feet) (kg9) Percent Percent

Vadose Zone (0 to 40) 45 13.9 13.9

A/B Aquitard (40 to 65) 64 19.7 33.6

B Aquifer (65 to 95) 82 25.3 58.9

B/C Aquitard (95 to 115) 51 15.7 74.7

C Aquifer (115 to 145) 34 10.5 85.1

C/D Aquitard (145 to 165) 25 7.7 92.8
D. Aquifer (165 to 195) 1:6 4.9 97.7

D/ Aquitard (195 to 215) 7 2.2 99.9
E Aquifer (215 to 2451 0.1 0 100

Total 324

Table J-7
Estimated A4uifer Extratction Rates (gpmn)

Aquifer Wintertime Summertime

B 20 to 25 65 to80

C 65 to &5 200 to 300
Total Band C 85 to 110 265 to 380

D 70 to 90 210 to 260

E50 to 75 150 tol180

TOWa 205 to 25625 to 820

Additional recommendations for seasonal pumping are presented in the Intermediate
Remedial Design Report for the Davis Site (CH2M HILL May 1993). According to
the modeling results, a total of six additional extraction wells will be required: one in
the C aquifer, three in the D aquifer, and two in the E aquifer.
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The recommended extraction well construction details are shown in Figure J- 17.
Conveyance pipelines will be required from the wells to the collection area or treat-
ment plant if wellhead treatment is not used. Additional facilities required for the
extraction system are pumps in the wells and a telemetry control system from the
treatment plant to the extraction wells.

Operational Requirements

The operational activities include controlling and adjusting the extraction rates, moni-
toring water levels and water quality, evaluating data, and possibly installing additional
extraction wells. The operation of the extraction system requires data evaluation and
decisions throughout the year and during the life of the project because of the chang-
ing water levels, groundwater flow directions, and management objectives. A descrip-
tion of the system control, monitoring, and data evaluation activities follows.

System Control

The extraction rates from each of the wells need to be measured regularly. Pumps
should be selected that allow for variable flow rates. Flow rates may need to be
adjusted to adopt to current hydrogeologic conditions during the life of the
remediation.

Monitoring

Both water level and water quality data need to be collected once the system is
operating. The water level data will be used to determine if groundwater within the
target area is beIng hydraulically captured. The water quality data are necessary to
characterize the influent mass contaminant loading to the treatment facility and the
reduction in contaminants within the target areas. The frequency of water level
measurements and water quality sampling will be specified in the waste discharge
requirements. Recommended frequencies are provided below.

After the system is initially operated, all of the existing monitoring wells not being
used for extraction and any additional water level measuring points should be
measured weekly for a period of 2 months before the data evaluation is performed.
Water levels should be measured monthly after the initial 2 months and when the
extraction rates are kept constant. Water levels should be measured weekly for
1 month after the extraction rates are adjusted significantly or when nearby
agricultural wells begin or cease pumping.

Each of the extraction wells should be sampled monthly during the first quarter of
operation. A composite sample from all extraction wells should also be collected if
there is a centralized treatment facility rather than treatment at each wellhead. All
samples should be analyzed for VOCs (EPA Method 8010/8020). After the initial
quarter, samples should be collected quarterly and analyzed for VOCs. It is assumed
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that existing monitoring wells at the site will continue to be sampled quarterly under
the Groundwater Sampling and Analysis Program (GSAP). The six additional extrac-
tion wells should be added to the GSAP.

The performance of the extraction system will be evaluated by estimating if ground-
water within the appropriate target area is captured horizontally and vertically.
Horizontal groundwater capture will be evaluated by preparing contour maps of the
groundwater elevation in the B, C, D, and E aquifers using all existing water level
data. In addition, water levels at selected well pairs in the B, C, D, and E aquifers
will be compared to determine if there is inward groundwater movement to the
appropriate target area. Vertical groundwater capture from the E and D aquifers to
the C aquifer will be evaluated by preparing contour maps of the groundwater eleva-
tion in the C, D, and E aquifers. In addition, water levels at selected well pairs will
be compared to determine if there is upward groundwater movement from the E and
D to the C aquifer throughout the target area.

Table J-8 presents the recommended well pairs that should be used to help evaluate
the system's performance for horizontal capture. Five B aquifer well pairs listed in
Table J-8 will be used to evaluate horizontal capture of groundwater in the B aquifer.
Fight C aquifer and seven D aquifer well pairs will be used to evaluate horizontal
capture of groundwater in the C aquifer and D aquifer, respectively. Three E aquifer
well pairs will be used to evaluate horizontal capture in the E aquifer if an additional
monitoring point is installed in the location shown on Figure J-18. Vertical capture
will be evaluated using eight well pairs in the C and D aquifers and two well pairs in
the C and E aquifers. The groundwater movement should be upward from the E and
D to the C aquifer.

Table J-8
Recommended Well Pairs for Monitoring Heriamtal Capture (Summertime)
(Water level in first well should be higher th water level in second well)

B Aquifer C Aquifer D Aquifer E Aquifer

MW-19 MW-5 MWC-1 MWC-12 MWD-I MWD-11 MWE-3 El
MWB-4 MW-7 MWC-13 MWD-2 MWD-20 MWD-12 MWE-21 El
MWB-13 MW-6 MWC-4 MWD-2 MWD-21 MWD-3 MWE-22 El
MWB-ll MW-3 MWC4 MWC-14 MWD-22 MWD-14
MWB-14 MW-8 MWC-14 MWC-3 M'WD-4 MWD.14

MWC-20 MWC-12 MWD-13 MWD-3
PC-21 MWC-3 MWD-20 MWD-10
PC-22 MWC-14

Data Evaluation

The detailed schematic diagram of the extraction system operation shown in
Figure J-19 illustrates the importance of data evaluation in meeting the management
objectives of this intermediate remedial action. The operation of the treatment
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facility and the end use may affect the extraction rates. For example, the extraction
rates may need to be adjusted if the mass loading to the treatment system is too high.
At a minimum, data evaluations will be performed monthly to determine if
groundwater within the target area is being captured and to determine if the
extraction rates should be adjusted. The analytical data will be evaluated at least
quarterly to determine if the target area or treatment systems need to be adjusted.

Treatment Requirements

The estimated flow rates, initial influent concentrations, and initial mass loadings to
the treatment system are provided in Table J-9. The mass loadings were estimated
on the basis of analytical results for samples collected in February 1993 and use of
the larger flow rates presented in Table J-5. Actual influent concentrations and mass
loading will not be known until the extraction wells are drilled and sampled, and final
extraction rates are known.

Influent concentrations were estimated from data for monitoring wells near the pro-
posed extraction well locations. The contaminant concentrations for the extraction
wells given in Table J-9 were estimated from the nearest groundwater monitoring
well.

The actual time required for aquifer remediation cannot be predicted with current
information. However, it is anticipated that concentrations may decrease exponen-
tially as shown in Figure J-20. The rate of exponential decrease is a function of
chemical retardation, diffusion-limiting processes in the aquitards and aquifers, and
preferential flow paths in the target areas. Figure J-20 presents two theoretical
curves estimated assuming exponential decay with flushing factors of 0.2 and 0.6,
which correspond to a range of soil properties (fine-grained to coarse-grained). The
chemical retardation factor for TCE at the site was estimated to be 1.4 (ITC, 1992)
and is incorporated in the theoretical curves below. It is by no means certain that
aquifer cleanup will be rapid; it should be expected that the extraction and treatment
system will be in operation for a minimum of 10 to 20 years.

The effluent concentration of all VOCs is required to be less then 0.5 MLgfl. The
Regional Water Quality Control Board and Department of Toxic Substances Control
recommend that for groundwater reinjection the effluent concentration of inorganic
constituents be similar to background concentrations. Available background water
quality data are summarized in Appendix M.
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Reinjection Limitations

To date, limited data are available on groundwater quality with regard to inorganic
constituents. The geochemical considerations for treatment will be revised as more
data become available. Treatment processes directly affect the quality of the
extracted groundwater, especially with respect to dissolved oxygen and metals concen-
trations. The dissolved oxygen, and particularly metal precipitates, in the treated
groundwater could present a potential for plugging the reinjection wells.

The potential problem constituents for reinjection are calcium, magnesium, silica,
manganese, and iron. Treatment processes tend to elevate the pH of the extracted
groundwater, causing precipitation of metals (iron and manganese) and of calcium
carbonate. A provision in the treatment process should be made to accumulate any
precipitates on a filter before reinjection into the native groundwater. If the pH of
the reinjected water is stabilized at or near background levels (assumed to be 7.3 to
8.0); reaction between the reinjected and in situ groundwater and between the rein-
jected groundwater and the aquifer mineralogy should be minimized. The major ion
chemistry of the in situ groundwater and the treated water should be characterized
before any reinjection occurs. Once the ion chemistry is known, the precipitation
reactions should be checked using a thermodynamic equilibrium model. The equili-
brium modeling will identify compounds that have a tendency to precipitate under the
proposed treatment processes and conditions. Recommendations can then be made
to identify corrective measures for potential problem precipitates.
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PREPARED FOR: Davis RI/FS Report

PREPARED BY: Alex Rafalovicl/CH2M HILL, Redding
Sara Monteith/CH2M HILL. Redding

DATE: September 9, 1993

SUBJECT: Hydrocarbon Remediation Options
Davis Global Communications Site
Delivery Order 5055

PROJECT: SAC28722.55.13

Introduction

This technical memorandum summarizes the current understanding regarding the
nature and extent of petroleum hydrocarbon contamination that exists at the Davis
Global Communications Site (the Davis Site), along with possible methods that could
be used to clean up the contamination. The objective of this technical memorandum
is to provide McClellan Air Force Base and the regulatory agencies with a better
understanding of the r mediation options available to reduce the concentrations of
hydrocarbons in soil at the Davis Site.

Specifically, this technical memorandum focuses on two different remediation options:
(1) biovenuing, where in situ, aerobic biodegradation of the contaminants is accel-
erated by managing the subsurface supply of oxygen, and (2) excavation, where the
contaminated soil would be physically removed from the subsurface.

Other remedial actions will also be needed at the Davis Site to clean up volatile
organic compounds (VOCs) from the vadose zone and groundwater. .Potential
actions to address these problems are evaluated in the main text of this report. The
impacts that these other remedial actions may have on the petroleum hydrocarbon
remediation options are also evaluated in this technical memorandum.

History and Extent of Contamination

The petroleum hydrocarbon contamination at the Davis Site was discharge .. the
soil from three 25,000-gallon underground fuel storage tanks (UFSTs) located in the
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southeast quadrant of the site, just south of Building 4710 (Figure K-i). The UFSTs
were used to store diesel fuel for the generator housed in Building 4710. In February
1985, approximately 52 cubic yards of soil overlying the UFSTs was removed and
found to be saturated with petroleum product. The pipelines associated with the
UFSTs were found to be leaking, and the exposed tanks showed deformatiun. In
May 1985, a replacement 20,000-gallon above-ground tank was installed north of
Building 4710, and the UFSTs were emptied. In December 1985, investigations
revealed that soils adjacent to the UFSTs were contaminated with hydrocarbons. In
May 1988, the UFSTs were removed, and the excavation was backfilled with clean
soil.

Subsequent investigations have been performed by IT Corporation (ITC) and CH2M
HILL to identify the extent of the petroleumn hydrocarbon contamination. Figure K-1
shows the estimated lateral extent of the petroleum hydrocarbon contamination based
on the results of these investigations. A cross section through the former tank storage
area is presented in Figure K-2. Included in this figure are vertical profiles of petro-
leum hydrocarbon contamination based on samFres collected from soil borings drilled
in 1987 and 1992. Based on the figure, there are two plimary zones of contamination
in the vertical profile: one near 30 feet, and another near 60 feet below land surface
(bls). Also, soil gas samples taken in 1992 from Well Ch-5 at a depth interval of
28 to 38 feet show zero percent oxygen (O), 10 percent carbon dioxide (CO), and 2
percent methane (CH 4), indicatiihg that the hydrocarbom at this depth have sustained
aerobic and anaerobic degradation in the past, and that the -ontaminants currently
reside in anaerobic conditions.

Ex Situ Soil Piles

Two areas of existing soil piles have been identified outs-de the Davis Main
Compound southeast of Building 4710. The soil piles are believed to have originated
during the removal of UFST's; however, the true origin is unknown. The soil piles
have been identified as the northern pile and the eastern pile. These piles do not
appear to have been disturbed since their placement; however, rodents and owls have
been observed burrowing into them. The eastern and northern piles comprise
approximately 560 and 320 cubic yards, respectively.

A total of 14 soil samples were collected in November 1992 from the soil piles, five
from the north pile (NSP-1A, -1B, -2A, -2B, and -3) and nine from the east pile
(ESP-1 through ESP-9). Samples were obtained using a hand auger to drill to 1 to
2 feet bls. The samples were analyzed for total petroicim hydrocarbon contamina-
tion using EPA 8015 Modified and EPA 418.1 methods. Levels of diesel contamina-
tion ranged from nondetect to 586 mg/kg. Results are pxesented in Appendix U,
Historical Contaminant Data.
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A Risk Analysis performed by 27H2'' acurrent with this report reveals that
the soil piles do not pose ic ,uman health or the environment.
Currently, the piles are in ' and Borrowing Owls. Disturbance to the
piles to exo-jdite aeratioi , cause more harm than good to the burrowing
animals. Therefore, or,, c remediation of soil piles were not investigated.

-urrent Activities

A bioventing :reatability study is being conducted by Engineering-Science, Inc. (ESI)
(ESI, 1993). The work is scheduled to be completed in September 1994. The work
will include the following:

Air permeability testing to determine the extent of the subsurface that
can be oxygenated using one air injection unit

In situ respiration tests to estimate the rate at which soil bacteria biode-
grade the hydrocarbons

Operation of a bioventing pilot test system over an extended 1-year
period to help assess the potential long-term effectiveness of a biovent-
ing system at eliminating the petroleum hydrocarbon problem from the
Davis Site

The data from this treatability study will be assessed to determine if a full-scale
bioventing program will be adequate to clean up these soils. Refer to the ESI Draft
Bioventing Pilot Test Work Plan (May 1993) for more detais on the plans for the
bioventing treatability study.

Description of Cleanup Options

There are two fundamental options evaluated in this appendix for cleaning up the
petroleum hydrocarbon contamination: bioventing and excavation. A detailed assess-
ment of the bioventing option at the Davis Site cannot be performed until the treat-
ability data from the study being conducted by ESI become available. Since this
information is not available at this time, the evaluation of bioventing in this appendix
relies on general assumptions from historical information regarding the effectiveness
of bioventing systems at remediating diesel-contaminated Soils. The bioventing evaiu-
ation presented here will provide for a useful comparison with the excavation option,
but may need to be updated after the treatability study has been completed.
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Bioventing

Figure K-3 shows the layout proposed by ESI for the pilot-scale bioventing study.
The configuration of the fuli-scale system will likely be similar tc the pilot layout, with
the potential for some modifications based on the treatability data generated from the
pilot-scale study. The vent well (VW-1) will be an air injection well constructed of
4-inch ID Schedule 40 PVC casing with an interval of 0.04-inch slotted screen set
between the initially encountered contamination (appmtimately 20 feet bis) down to
the base of contamination (approximately 60 feet deep). The vapor monitoring
points (VMP-1 and VMP-2) are multi-completion wells designed to monitor the verti-
cal variation of oxygen, carbon dioxide, and methane to help estimate the rate of
biodegradation of the diesel fuel. The existing soil vapor monitoring well, CH-5, will
also be used as a monitoring point for the bioventing program. The reader is
referred to the ESI Work Plan for more detail on the system construction (ESI,
1993).

The bioventing project would be run using an appropruately sized blower to continu-
ously inject air through Well VW-1. The size of the blower will be determined after
the pilot-scale testing has been completed. In situ respiration tests will be conducted
on at least a semi-annual basis to estimate the rate of biodegradation of the diesel
fuel. These tests will involve shutting off the air injecion bkwer and monitoring the
rate of oxygen depletion and carbon dioxide generation at the vapor monitoring
points. This data can then be used to estimate biodegradation rates (Hinchee and
Ong, 1992).

The rate of biodegradation that will occur during a bioventing operation cannot be
estimated at the Davis Site until the pilot-test treatability data are in. However, his-
torical experience at other sites with diesel fuel ron has shown biodegra-
dation rates ranging anywhere from 0.2 to 20 mg/kgzday (Hinchee and Ong, 1992).
The cost of implementing a full-scale bioventing program is also difficult to accurately
estimate at this time. Previous experience indicates costs ranging from $10 to $20 per
cubic yard of contaminated soil. The Davis Site has approximately 7,000 to
9,000 cubic yards of soil contaminated with diesel fuel, leading to a rough total cost
estimate ranging from $70,000 to $180,000 to implement a full-scale bioventing system
at the Davis Site.

Excavation

The excavation option can be divided into three componens:

1. Excavation of contaminated soil
2. Hauling and placing contaminated soil
3. Placement of clean fill in excavation

100124Z.RDD (Davis RVFS) K-7
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The location of the area that most likely requires eavation is a square, approxi-
mately 120 feet per side (shown in Figure K-3). Based on available contamination
data, the excavation should be approximately 60 feet deep. Given these dimensions,
the amount of material to be excavated is appromaltey 31.000 cubic yards. It is
believed that a concrete slab is located at a depth of 20 feet in the vicinity of the
former tank location. Specialized excavation equipment may be required to break
through and remove this slab.

Because this area has structures and roads nearby, it is assumed that the excavation
will have vertical walls. The walls will be supported with H-piles "tied back" with
anchors, and shoring between the piles. Existing underground utilities and structures
would need to be located, and the design of the excavation should accommodate
them.

It is anticipated that the excavation will extend approximately 20 feet below the
grcundwater table, and will therefore require construction dewatering for the deepest
portions. (Depth to groundwater in this area is variable, but a depth of 40 feet below
the ground surface is a reasonably average value.)

The excavation must be performed in accordance with state and federal safety guide-
lines, such as those provided by the Occupational Saiety and Health Act, 29 CFR,
Part 1926. In addition, because the material bei*g removed from the excavation is
considered to be hazardous, additional safety requkeine may be imposed on this
construction. It is likely that all workers will be reqaired to have 40 hours of hazard-
ous waste training, and that workers in the excavation will need respirators or sup-
plied air.

For this estimate, it was assumed that the contana1ed soil would be hauled an6
stockpiled onsite, and that remediation would be acomplished through aeration of
the contaminated soil. A hauling distance of 1,000 feet was used for cost-estimating
purposes. It was also assumed that the stockpiled soil would be no greater than
10 feet in height with 2:1 (horizontal:vertical) slopes. The area required for this
stockpile would be a square approximately 320 feet per side.

The shoring and H-piles would be left in place wm the excavation was backfilled, as
there would be no way to safely remove them. If the excavation were no longer
dewatered, crushed rock or some other material tAt does not require compaction
should be used to bring the excavation above the vuser table. If dewatering
continued during backfilling, any clean fill material could be used. Backfill should be
placed using specified ci:rnpaction requirements to minimize potential settlement.

It is estimated that the time required to complete exavating, hauling and placing, and
refilling the excavation is approximately 6 months. During this time, the construction
activities may adversely affect site operations or otier remedial activities. The esti-
mated cost of completing the excavation option, given the assumptions provided
above, is approximately $2,846,000.
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Comparison of Cleanup Options

The comparison between the bioventing and excavation options is done by describing
how each option would likely perform with respect to nine evaluation criteria
presented in EPA's guidance document for conducting feasibility studies (U.S. EPA,
1988). These nine criteria are:

1. Overall Protection of Human Health and the Environment-How will the two
options offer long-term protection, and how are they different in achieving this
level of protection?

2. Compliance with ARARs-How does each option comply with applicable or
relevant and appropriate requirements (ARARs)?

3. Long-Term Effectiveness and Permanence-What would be the residual risks
that remain after completing the remedial action?

4. Reduction of Toxicity, Mobility, or Volume through Treatment-This criterion
addresses the statutory preference for using treatment as a means to perma-
nently reduce toxicity, mobility, and volume. The question asked under this
criterion is: How does each option use treatment to address the contamina-
tion?

S. Short-Term Effectiveness-What significant short-term impacts will the imple-
mentation of the cleanup options have at the site, including impacts to nearby
communities and onsite workers?

6. Implementability-How easily can the. cleanup option be implemented gwen
technical and administrative constraints that exist at the site?

7. Cost-How much does the cleanup option cost?

8. State Acceptance-Will the state welcome the cleanup option?

9. Community Acceptance-What are the concerns that the public may have with
respect to the cleanup option?

Table K-I discusses the expected performance of bioventing and excavation with
respect to each of these criteria.
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Table KLI
Expected Performance of the Bloi'enthl sad zAmivadiam Cleawsp Options,

with Respect to EPA's Nine Evasaleada Criteri

Criterion Bloventing Excavation

Overall Protection of By providing existing micro-organisms with an By physically removing the contaminated soil
Human Health and environment that allows them to break down the from the subsurface the threat posed to the
the Environment contamination, bioventing could virtually elms- groundwater resource would be eliminated.

nate the threats posed by the contamination. However. new threats may anse depending
H Iowever. treatability data still need to be on how the contaminated soil is handled. If
obtained to demonstrate that bioventing can it is allowed to aerate in piles onsite. access,
work at the Davis Site within an acceptable tint will need to be restricted to minimize
frame, exposure of humans and animals to the soil.

Compliance with Bioiventing will only be tmplemented if the trest- An excavation option would be designed to
ARARs ability data indicate that it can comply with all comply wish all ARARs. It is not known

chemical-specific ARARs. The bioventing what ARARs may be associated with the
system would be designed to comply with adl placement of clean fill material below the
location- and action-specific ARARs. No grourdwater table. Because the excavation
waivers are anticipated. 091mmn does not appear feasible from P. cost

perspective, the ARARS were not
_________________investigated.

Long-Term Bioventing may biodegrade up to 90 percent of Excavation could potertially remove nearly
Effectiveness and the total in situ mass of diesel fuel. This mis, all of the subsurface contamination. There
Permanenice leave 10 percent of the mass still in the grossed may still be residual risks associated with the

Treatability data will be used to more accuratel excavated soil, in particular if the soil is
estimate the expected percent degradation at the allowed to senste in piles onsite. Most resid-
Davis Site. A full-scale biovetiting system would usa risks would be minaintzed by handling
only be implemented if the estimated risk posed and utraisporting the soil in compliance with
by this residual contamination is low eaoisgh to all ARARs. Risks related to the stability of
be acceptable to the regulatory agencies. the stockpiled soil would be minimized

_______________thoughs design.

Rcduction of Bioventing satisfies the statutory preference for Treatment is not a part of the excavation
Toxicity. Mobiity. reducing toxicity, mobility, and volume threugh option discussed in this document. No
and Volume through treatment, since the contamination is essentially toxicity. mobility, or volume reductions
Treatment subject to biotreatment." where the wastainna- wouild occur through treatment.

tion is rendered less toxic. less mobile. and
occupies less volume due to boe'due

Short-Term The wells used for the pilot study would also be Significant short-term impacts wuuld be
Effectiveness used for the full-scale system. minimiziing the created by the excavation option. The exca-

need for additionial constrwction. Some none vation require large earthwork equipment on
may be generated by the continuous operaition of asic for up to 6 months. This work would
the blower unit, but this impact is not expected have the potential to interfere with other
to be significant. onsue acitiviies. In addition, a large 60.

foot-deep hole would be cirated temporarily
onsite during the removal of the
contamuiated soil.

Implementability The technology is readily avatlable to implement T~hc excavation option would be very
bioiventing. In addfition, the suhsuaisas per~isai challening* to implement at the Davis Site.
of any permitting requirements can be mai. The The excavation would be deep (00 feet or
real question is: Given the conditions at the more)ý and would inevitably require shoring.
Davis Site, can the bioventing technology be In iddlisoma the excavation would need to
effective at treating the diesel fuel? 'Me sae occur adjacent to or extend under
to this question will not be know unti the Building 4710, thus requiring extra caution
treatabiltay study is completed. to avoid building damage- Dewatering of the

excavation will be neeed. All of these prob.
lems can be addrewied. and excavation is
techngially implemieahable, but with high
effotx and correpripad cn. t especially
adieu comp111110 to a bioveting system that
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Table K-I
Expected Performance eo the Klobeeflng and Excavation Cleanup Options

with Respect to EPA's Nine Evaluation Criteria

Criterion Bloventitg Excavation

Cost Based on historic costs ranging from Si0 to $20 Estimated excavation costs is $2,850,000 for
per cubic yard, the bioventing option would cost the Davis Site.
between $70,000 and $180.000.

State Acceptance Before a full-scale bioventing system is tnple- At this time. nto impediments have been
mented, the state's approval would be obtained, identified to obtainng state approval for the
State approval of this system will be contingent excavation option.
on the results of the treatability study.

Community C4,mmunity acceptance of a bioventing system Community acceptance of the excavation
Acceptance would also likely depend on the results of the option is uncertain at this time. and will be

treatability study. more well defined after tne public comment
period for this RMFS report.

Impact of Other Remedial Activities on the Cleanup Options

Other remedial actions are being considered at the Davis Site to clean up ground-
water using pump and treat technology, and to clean up VOCs from the vadose zone
using soil vapor extraction. These remedial activities may impact to some extent the
petroleum hydrocarbon remedial action. These potential impacts are summarized in
matrix form in Table K-2.

Summary

Bioventing and excavation were considered as the two possible methods for cleaning
up the petroleum hydrocarbon contamination at the Davis Site. A full evaluation of
bioventing cannot be completed until data from the bioventing treatability study being
performed by ESI, have been analyzed. However, historical data for similar contami-
nant and soil types indicate that bioventing may be a very promising cleanup option.
The excavation cleanup option would be costly and difficult to implement at the
Davis Site because of the extreme depth of excavation required and the close proxi-
mity of buildings to the excavation site.

Other remedial actions are being considered at the Davis Site to address VOC con-
tamination in the vadose zone and groundwater. There will inevitably be interactions
between these remedial actions and the petroleum hydrocarbon remedial action.
Careful planning during the remedial design/remedial action stage at the Davis Site is
therefore necessary to coordinate all of these different remedial actions.
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Tab" K.2
___________________________ Impact of Groundwalier and Vadnet Zooe Actioni on

Petroleum Hiydrocarbon Cleanup Options

Impact of Action on Petroleum Hydrocarbion
Cleanup Options

G roundwater~edose I
Zone Action Bioventlng Extcavatiou

Groundwater Pump and Pumping of grouniwater may lower the Excavation equipment would need to be
'rreat water table. increasing the vertical depth handled carefully to avoid dam~.girig any of

over which bioventing can occur. Also, the pump and treat equipment (e.g.. wells.
pumping may decrease the magnitude of conveyance lines, treatment plants).
water table fluctuation over a year. Personnel operating and overseeing the
Personnel operating btoventing system may excavation may need to be trained in satety
need to be trained in safety Lssues -ssucs asaociated with nearby operation of
associated with the nearby operation of groundwater pump and treat equipment.
groundwater pump and treat equipment.

Ideally, the excavation would be completed
before beginning the pump and treat sytm

Soil Vapor Extraction A soil vapor extraction system may impLct Excavation equipment would need to be
(SVE) the airflow direction an-I magnitude within handled carefully to avoid damaging any of

the are of diesel fuel contamination. This the soil vapor extraction equipment (e.g'..
could be a net benefit, it the oxygen wells. conveyance lines, treatment plants).
supplied by the SVE system is high enough Personnel operating and overseeing the
to eliminate or reduce the need for a excavation may need to be trained in safety
separate blower for the bsoventing system. issues associated with nearby operation o('

SVP equipr.±nt
Airflow modeling should be performed to
assess the adequacy of the air flow induced Ideally, the excavation would be completed
by the SVE yt, fo the bi4,entig sit,* beor beginining the SV sstm

In situ reqx~ration testing may require the[ f SVE system be alut off to obtain icliiibllc
oxygen depletion estimates.
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"TECHNICAL MEMORANDUM L " H11 I

PREPARED FOR: Davis RI/FS Report

PREPARED BY: Rajeev Krishnan, CH2M HILL/Corvallis

Al Davis, CH2M HILL/Corvallis

DATE: September 9, 1993

SUBJECT: SVE Gas and Stripper Offgas Treatment Evaluation
Davis Globai Communications Site
Delivery Order 5055

SUBJECT: SAC28722.55.13

Purpose and Scope

Cleanup options are being considered at the Davis site to remove subsurface VOC
contamination from the vadose zone and groundwater. Contaminated air streams
may be generated as a result of implementing these cleanup options: A soil vapor
extraction system will inevitably generate contaminated gas; additionally, contaminated
offgases may be generated from an air stripper that is designed to clean the ground-
water. These air streams will require treatment to remove the contaminants. This
memo evaluates and compares possible options that could be used to treat the air-
stream.

Assumptions Used in the Offgas Treatment Evaluation

Vadose zone airflow modeling indicates that four soil vapor extraction wells pumping
at an average flow rate of 50 scfm each are needed to capture and remove the VOC
contamination from the vadose zone (refer to Appendix I). Air from the four extrac-
tion wells shall be manifolded to yield one vapor stream. The vapor stream is
assumed to contain contaminants at the concentrations listed in Table L-1. These
concentrations are based on the most recent sampling Prom vapor monitoring wells at
the site. The flow rate of the combined stream is 4 x 50 = 200 scfm. Modeling per-
formed in Appendix I suggests that the VOC contamination in the soil would
probably be adequately cleaned up within a time frame of 10 years.

The flow rate could increase by an additional 5,000 scfm if an air stripper is selected
as part of the groundwater treatment option. In addition, an air stripper system
would probably be in operation for a period of time far greater than the 10 years esti-
mated to cleanup the vadose zone (potential operation time up to 30 years). The

10012•S1.RDD (Davis RI/ES) L-1
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evaluation of the treatment options will initially be based on the 200 scfm flow and
5-year operating period; offgas treatment costs will be scaled up appropriately to
reflect the increased flow and operation time should an air stripper be used.

Technology Descriptions

There are four contaminated gas treatment technologies evaluated in this memo:
(1) electron beam technology (EBT), (2) catalytic oxidation (CatOx), (3) gas phase
carbon adsorption (GAC), and (4) synthetic resin adsorption (Purus). This section
provides brief descriptions of each of these technologies.

Electron Beam Technology

Electron beam technology (EBT) has been extensively used in medical applications
for over 50 years; however, its use as a remediation technology for organic contami-
nated gases is in its infancy. The gas stream to be remediated is subject to a ray or
beam of electrons generated by an electron beam generator. The electrons release
small but intensive quanta's or concentrated pockets of energy into the gas stream
creating free iadicals such as hydroxyl and hydrogen radicals. The free radicals initi-
ate a series of chain.oxidation reactions that oxidize the chlorinated and
nonchlorinated coreounds into their completely mineralized forms such as HCI, HF,
CO2. and NO.. Intemrmediates such as phosgene may be generated in negligible con-
centrationE as a result of irradiation.

Chemical oxidation reactions in the E-beam equipment take place at near ambient
temperature and pressure. The limited literature search conducted did not reveal
commercial installation of EBT units that treat contaminated gas streams. Results of
bench-scale tests conducted on SVE gases with similar contaminants indicated that
Destruction Removal Efficiencies (DREs) for most organic compounds (except Freon
113 and 1,1,1-TCA) ranged from 60 to 99 percent; most species were reduced to
below detection limits. Overall DREs of 87 percent plus were achieved for
nonmethane hydrocarbons. DREs for Freon 113 and 1,1,1-TCA were found to be
significantly lower than overall DREs. Preliminary results show that with the use of
promoters (oxidants) a substantial improvement in DREs was observed; however, the
quantity of promoters to be used has not yet been optimized.

Catalytic Oxidation

The halogenated and nonhalogenated VOCs exiting the air-water separator c?• be
catalytically oxidized to complete products of combustion, namely C0 2, H20, and
HCI, in a catalytic oxidizer (CatOx). The SVE air stream flows from the positive dis-
placement blowers to a burner, where it is heated to approximately 600*F. The
airstream is then passed through a catalyst bed, which initiates, promotes, and
accelerates VOC oxidation. The catalyst, without itself being altered, significantly
reduces the oxidation activation energy, thus allowing the oxidation reaction to occur
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at much lower temperatures than would be required with conventional thermal
oxidation.

Since oxidation is an exothermic reaction, it heats up the exiting gases as well as the
catalyst bed. The exhaust gas stream temperature from the catalytic oxidation cham-
ber would be approximately 840"F. Natural gas flow rates will be controlled to limit
catalyst bed temperatures to approximately 840"F to protect the catalyst from being
sintered. Although oxidation system vendors guarantee only a standard 95 percent
destruction efficiency for organic vapors, based on performance history for similar
streams, the actual destruction efficiency is estimated to be over 99 percent.

One of the chief advantages of a CatOx system ii that DREs of greater than
95 percent can be achieved for all the compounds of concern. A disadvantage is that
CatOx systems including packed-bed and fluidized bed systems which generate CO2,
NO., and HCI. NO, generation is an exponential function of temperature and
becomes significant at temperatures higher than 1,800*F. Since catalytic oxidizers
operate only at about 600';7 to 900*F, NO, generation would be negligible in this
case. If a CatOx system is implemented at this site, HCI emissions from the unit are
estimated at 0.48 lb/hr; this is significantly below the RCRA level of 4 lb/hr.
Therefore, additional post-treatment such as scrubbing of the gases is not anticipated.

A shell and tube (or plate and frame) heat exchanger can be used to recover waste
heat from CatOx systems. However, in this case, the flow rate is too low to warrant
the use of a heat exchanger.

Gas Phase Carbon Adsorption

Activated carbon is the most popular conventional adsorbent for the removal of most
organic vapors from the air. Carbon is used in two basic types of air purification
systems, regenerative and nonregenerative. Regenerative refers to a process by which
the adsorbed contaminants are removed from the activated carbon onsite, so that the
carbon may be utilized over and over again as an adsorbent. If a system is nonregen-
erative, the carbon medium must be removed and discarded or sent to the factory for
reactivation on a periodic basis, as the carbon becomes saturated with the adsorbed
contaminants.

The SVE gas flow rate from this site is expected to be extremely low for onsite regen-
erative carbon adsorption process to be cost-effective. Therefore, it was not consid-
ered in this evaluation. The nonregenerative carbon adsorption process would have
been cost-effective at this site; however, just as in the case of the Padre system, vinyl
chloride and methane are poorly adsorbed by carbon. Therefore, the gases exiting
the carbon system would have to be further treated by technologies such as catalytic
oxidation to achieve DREs greater than 95 percent for vinyl chloride and methane.
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Synthetic Resin Adsorption

The Purus PADRE (Purus Adsorption Desorption Remediation Equipment) process
is essentially similar to a conventional carbon adsorption system with the exception
that the adsorbing matrix can be conveniently and economically regenerated several
times onsite. Additionally, the adsorption matrix has a relatively higher adsorption
capacity and hydrophobicity.

Typically gases contaminated with organics are introduced into the Purus system
through a series of proprietary synthetic resin beds. The organic contaminants are
adsorbed on the beds, and the resulting contaminant lean gas (hereafter referred to
as the primary effluent gas stream) is vented to the atmosphere. When the beds
reach their maximum effective adsorption capacity, the gas stream is diverted, on an
automatically pretimed basis, to a similar series of adsorption beds that are plumbed
parallel to the saturated beds.

Meanwhile, the saturated offline beds are subjected to a desorption cycle. During this
process the resin beds are heated to volatilize the adsorbed organic contaminants and
thus regenerate the beds for reuse. The beds are heated by noncontact heat tracing
cables evenly distributed within the bed supports. Approximately 7 to 16 bed volumes
of an inert carrier gas (nitrogen) are recycled through the desorbing bed. Nitrogen
serves as an inert carrier medium to hold and move the organic contaminants from
the adsorbing medium and also cools the beds for the subsequent adsorption cycle.
Upon completion of desorption, the beds are cooled to ambient temperature by
noncontact heat exchanger coils that circulate a heat transfer fluid such as
DOWTHERM. The heat transfer fluid is cooled in a noncontact fintube heat
exchanger by an induced air fan.

The nitrogen gas saturated with organic contaminants is passed through a chiller con-
denser system where the gaseous contaminants are condensed out as liquids. The
contaminant-lean nitrogen gas (hereafter refereed as the secondary effluent gas
stream) is typically discharged to the atmosphere.

In the adsorption beds, a negligible quantity of halogenated compounds may hydro-
lyze in the presence of moisture to halogenated acids such as hydrochloric acid. The
concentration of hydrochloric acid emitted as a result of hydrolysis has not been mea-
sured and is therefore unknown; however, reaction kinetics and process conditions at
the site would not be conducive for the formation of appreciable quantities of the
respective acids and would not be of concern in this case.

The adsorption resin is known to have very little affinity for vinyl chloride and meth-
ane; hence, as the bed comes in contact with other organic compounds, it will have a
tendency to displace the vinyl chloride that it had already adsorbed and replace it
with heavier wolecular weight compounds such as 1,I,1-TCA. Therefore, the removal
efficiency of the Purus system with respect to vinyl chloride and methane is expected
to be relatively low and would therefore not be effectively treated. Hence, the
effluent gas stream from the Purus system will have to be treated using oxidation
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technologies, such as catalytic oxidation, to oxidize methane and vinyl chloride emis-
sions.

Technology Evaluation

The technologies were evaluated based on 10 important criteria relevant to justify
implementation of the technologies. These criteria are listed and described below:

Destruction Removal Efficiency (DRE)

DRE . the single most important characteristic of a remediation technology. It is
typically expressed as a percentage and is computed as follows:

Mass of component in Mass of componentl
feed stream exiting stack
Mass of component in teed stream

Operating Costs

The operating costs reflect the maintenance and reliability of a system. Operating
costs are annual recurring costs and include all costs associated with day-to-day opera-
tion and routine and nonoutine maintenance of the unit. Components of the
operating costs are:

Expendables -cost of replacement materials, i.e., carbon for carbon
adsorption, adsorption resin for Purus PADRE. and catalyst for catalytic
oxidation.

Fuel and utilities-cost of process water, cooling water, electricity, com-
pressed air, and fuels.

Labor-costs associated with the manual operation and maintenance of
the unit.

" Maintenance-cost of maintenance, including cot of reptacements parts
for auxiliary equipment (such as compressors. fs, etc.).

"* Residuals disposal-cost of disposal of residual cmtaminants such as
condensed solvents (in the case of Purus), scruer bkoxwdw, etc.
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Capital Costs

In order for a technology to be cost-effective, the capital and operating costs should
be low. Capital costs included here are those costs associated with original equip-
ment, including the cost of process control, and auxiliary units.

Status of Development

A system or technology's track record is usually reflected by the degree to which the
remediation method is considered proven commercial technology. Innovative technol-
ogies obviously would not have a track record, and hence predicting their reliability
and performance is difficult.

Feed Variability

Owing to the ambiguous characteristics of SVE gases, the system should possess the
ability to respond to abrupt changes in flow and concentrations.

Problem Compounds

These are compounds for which the destruction/removal efficiencies achieved by the
system do not meet the desired performance objectives.

Reliability

This term refers to the system's consistency and safety during operation. For
instance, a system that needs frequent shutdowns cannot be considered reliable.

Durability

Refers to the typical useful life of a piece of equipment.

NOJCO, Emissions

Refer to the additional NO, and CO, emissions associated with the application of the
technology.

Residual Generation

Some technologies may remove, destroy, or contain the contaminants of concern. but,
they may generate other unwanted residuals that will need eventual disposal.
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Screening Methodology

The weighted sum method was used to screen the options. This method is a quantita-
tive method for screening and ranking the remediation options. It provides a means
of quantifying the important and relevant criteria to help evaluate cost-effective offgas
remediation technologies. This method involved four steps:

Listing of the most important criteria in terms of treatment effectiveness
and costs.

Assigning of weights (W) of 0 to 20 for each of the criteria in relation
to its importance. For instance, the criterion "overall destruction
efficiency" was considered very importaint by the technology selection
task force, while "durability" was of relatively minor importance. There-
fore, the former was given a weight of 20 and the latter was given a
weight of 5.

Ranking (R) of each technology (option) based on a scale of 0 to 10,
against each criteria. The justification for the ranks was based on
information compiled for each technology, as summarized in Table L-2.

Finally, multiplying the rank of each option for a particular criteria by
the weight of the criteria (WR). The option's overall rating was
determined by each technology's weighted ranking (i.e., EWR) with the
first rank being assigned to the technology that received the maximum
weighted sum (i.e., EWR). The option ranking matrix is provided in
Table L-3.

Results of Screening

DRE was considered to be the most important criterion for selecting the technology
to be implemented onsite. Catalytic oxidation was clearly the best in this category
with expected DREs for all compounds of concern at >99 percent.

While other technologies can achieve the same level of efficiency for most com-
pounds, they have trouble with some compounds. For example, both carbon and
Purus adsorption systems are relatively ineffective with respect to removal of methane
and vinyl chloride.

Preliminary bench-scale results indicate that while EBT could successfully reduce most
organic species to below detection levels, its DRE with respect to compounds like
1,1,1-TCA and Freon was less than 60 percent. However, with the use of promotors,
the DRE for the above compounds was increased to over 9 percenL Since the effi-
ciency of this technology with use of promotors has not yet been optimized, it was
ranked close to but lower than catalytic oxidation in this categs.
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The capital cost of carbon adsorption units ($19,800) was estimated to be the least
expensive choice, followed by EBT ($66,000), CatOx ($67,000), and Purus PADRE
($160,600). The electron beam technology was estimated to have the highest
operating cost ($79,000 per year); the high operating cost is attributed to the cost of
promotor chemicals required to reduce the concentration of important chemicals such
as 1,1,1-TCA and Freon 113 to the desired levels. Sufficient optimization of promo-
tor dosages has not yet been completed; it is estimated that these dosages may sig-
nificantly decrease as a i-esult of additional process optimization related to the com-
mercial-scale development of this technology. The operating costs for Purus PADRE
and carbon adsorption systems were estimated to be $76,000 and $21,500 per year,
respectively. The operating costs estimated for Purus and carbon do not reflect the
additional costs that will be incurred to treat and reduce vinyl chloride and methane
to the desired levels. The operating cost for the CatOx unit was estimated at
$28,000/yr.

Status of development was given significant importance in selecting the technology
because it was the best measure of the system's overall performance, including its
track record for consistently achieving high desired DREs, rproviding relatively mainte-
nance free and safe operating conditions. Additionally. it 'rovides a wider choice of
vendors to select from. Carbon adsorption and CatOx were ranked high in this cate-
gory since these technologies are well established and have been around for several
years. PADRE and EBT were given lower rankings for this category since they are
fairly new applications.

Other criteria such as reliability, durability, residual compounds, NO, and CO. emis-
sions were used to judge the appropriat 'ness of the technology in the same manner;
the resuilt of the ealuation (see Table L-3) are based on the information provided in
Table L-2.

Impacts on the Evaluation if an Air Stripper is Used

The offgas flow rate from the stripper is estimated at 5,000 scfm i.e., 25 times more
than the flow rate of the SVE gas stream. The unit that is designed to handle the
stripper offgas system will be adequate to handle the SVE gas stream. The charac-
teristics of the stripper off-gas and the corresponding organic mass loading on the
pollution control equipment that will be used to treat the gases are given in
Table L-4.
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Table L-4

Characteristics of Stripper Offgas

Concentration Mass Loading
Compound (ppm) (pph)

VC 0.175 0.009

PCE 0.144 0.021

TCE 0.362 0.041

cis. 1,2-DCE 0.056 0.005

1,1-DCE 0.067 1 0.006

Total . 0.062

The estimated concentrations of the organic compounds in the stripper offgas are
relatively low. The control efficiency of adsorption technologies is not considered to
be effective in the lower ppm range; catalytic oxidation is the only demonstrated
technology that is considered to be relatively more effective in the lower ppm ranges.
Yet another criterion in disfavor of adsorption systems is their relative ineffectiveness
in containing or treating vinyl chloride. Electron beam technology as mentioned
earlier can be an effective treatment technotogy but has not yet been demonstrated
on a commercial scale.

The capital and installed costs of a catalytic oxidation unit capable of handling
5,000 scfm of the above gas stream are estimated at $450,000 and $700,000,
respectively. The annual operating cost is estimated at $180,000/yr. The HCI, C0 2,
and NOX emissions generated from treating the SVE and stripper offgases are
estimated at 0.54, 300, and 2 lb/hr, respectively.

Although the operating costs for catalytic oxidation systems is one of the lowest
among the technologies evaluated, its relative consumption of energy (natural gas) at
the site for treating a gas stream with a low. contaminant concentration and high flow
rate is relatively high. Additionally, oxidation of natural gas produces CO2 and NO,.
Therefore, it is advised that other groundwater treatment technologies that do not
transfer the contaminants, especially vinyl chloride, into the air be pursued.

Recommendations and Conclusions

Case 1: Treatment of SVE Gases (200 scfm) Only

Our research discovered only one vendor currently testing EBT for remediating con-
taminated gases. The operational and maintenance problems associated with this
equipment are unknown due to lack of historical information on this system. Owing
to lack of concrete evidence of the prototype's reliability and performance
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characteristics (especially with respect to 1,1,1-TCA), this technology is not currently
recommended for this site. This technology has great potential and is being
vigorously pursued by its vendors to be prototyped and tested. Therefore, it may he
reconsidered at the time of final selection of the remediation technology.

Since PADRE cannot be used as a stand alone technology, the overall capital and
operating costs associated with achieving a DRE of +95 percent for all organic con-
taminants (i.e., including methane and vinyl chloride) would be excrbitant for remedi-
ating SVE gases at this particular site. Therefore, PADRE is not recommended.

Carbon adsorption suffers from the same problem as PADRE (i.e., vinyl chloride and
methane would require additional treatment to reduce their concentrations by 95 per-
cent plus). The necessity for additional equipment would render carbon adsorption
unattractive for implementation at McClellan AFB.

CatOx units have been demonstrated successfully on similar streams and have proved
that they can achieve over 99 percent DRE for all of the compounds of concern.
Owing to its overriding advantage with respect to achieving high DREs, its relatively
reasonable capital and O&M costs, and its established track record in terms of reli-
ability and durability, this system is recommended for implementation at the site.

In this context, it is noted that except for Well 5, vinyl chloride and methane were
conspicuously below detection levels in other wells. The methane presence could be
attributed to the diesel contamination (in the Well 5 zone) which is typically a healthy
environment for biological activity. Enhanced biological activity could also be the
reason for the presence of some vinyl chloride that could be generated as a biological
degradation product of other chlorinated solvents. Additiomn*, based on the histori-
cal information from other sites, vinyl chloride concentratiom drop below detection
limits with about 4 to 8 weeks of continuous e;.traction of S'#E gases.

Given this scenario, a marginally more cost-e-ffective approach would be to remediate
offgases with a rental catalytic oxidation unit (at approximate, S5,000month for a
250-scfm unit) for a period of 2 months, and then replace the unit with a permanent
carbon adsorption system. This approach, however, assuimrs that releasing methane
(without treatment) to the environment is acceptable to regulawy ageneies.

Case 2: Treatment of SVE Gases (200 scfm) and Shripper Offgas
(5,000 scfm)

Given the potential for a continued presence of vinyl chloride (at a concentration
level below what is observed now) in the stripper offgas, catalytic oxidation is the
most suitablc, effective, and demonstrated technology for this case. The HCI emis-
sions from the CatOx unit are estimated at 0.54 lb/hr, which is kiwer than the RCRA
allowed limit of 4 lb/hr. The additional CO2 and NO, emisuan are estimated at 300
and 2 lb/hr, respectively.
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TECHNICAL MEMORANDUM M(a) CM HII

PREPARED FOR: Davis RI/FS Report

PREPARED BY: Michele CiarkICH2M HILL, Redding

DATE: September 9, 1993

SUBJECT: Groundwater Treatment Options
Davis Global Communications Site
"Delivery Order No. 5055

PROJECT: SAC28722.55.13

Purpose and Scope

The purpose of this technical memorandum is to set forth a preliminary description
and evaluation of options for treatment of contaminated groundwater within the
Davis Global Communications Site (Davis Site) in Sacramento, California. The treat-
m,.nt options considered include air stripping, liquid-phase carbon adsorption, and
advanced ultraviolet (UV) oxidation.

Cost estimates for these technologies were developed and are also presented in this
technical memorandum. The cost estimates have been developed to describe treat-
ment plant installed capital costs and operation and maintenance (O&M) costs with-
out projectwide contirgencies. These estimates are intended to be assembled with
other capital and O&M costs for other project components and adjusted with project-
wide contingencies and allowances when assembled together. Detailed cost sheets are
appended to this technical memorandum.

Background

During the remedial investigation of the Davis Site, the groundwater oelow the site
was found to be contaminated with chlorinated volatile organic compounds (VOCs).
Several aquifer zones were identified at the site as B, C, D, and E. The B aquifer is
the shallowest aquifer. The D and E aquifers are considered regional aquifers
because most of the agricultural pumping in the vicinity of the site draws water from
these aquifers.

The two upper zones, the B and C aquifers, are the most contaminated In the
D and E aquifers, only trichloroethene (TCE) had concentrations above the federal
maximum contaminant levels (MCLs). The TCE concentrations were one order-of-
magnitude greater than the MCLs. To prevent the lighly contaminated groundwater
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of the B and C aquifers from migrating downward or outward from the site, it will be
extracted, treated, and sent to end-use. Two target volumes to be treated were evalu-
ated for the treatment costs.

Groundwater Flows

The first target volume (TV 1) is the combined groundwater from the B and C
aquifers. The second target volume (TV 2) is the combined flow of all the aquifers
(B, C, D, and E). Table M(a)-I presents the groundwater flows from the two target
volumes.

Table M(a)-I
Treatment Plant Groundwater Flows

Target T
Volumie Aquifers ____)

I Combined flow (B and C) 380

2 Comhined flow (B, C, D, and E) 820
-

Yince the contaminant concentrations in the D and E aquifers are minimal, they will
not significantly increase the effort needed to remediate the B and C aquifers.
However, the flow rate to the treatment system differs significantly between the two
týArget volumes and will generate different treatment costs.

Groundwater Contaminant Concentrations and Treatment Goals

The treatment influent contaminant concentrations for each target volume are pre-
sented in Table M(a)-2. The main contaminants in regards to public health are TCE,
tetrachloroethene (PCE), 1,1-dichloroethene (1,1-DCE), vinyl chloride (VCL), and
cis-1,2-dichloroethene (cis-l,2-DCE). The treatment objective is to treat the ground-
water concentrations of any individual VOC to less than or equal to 0.5 #g/A, which is
defined as a nondetect concentration. Benzene has been detected at two wells within
TV 2, but the expected influent concentration to the treatment plant is well below the
treatment objective.

The concentrations are lower for TV 2 than for TV I because of dilution from the
added groundwater flow of the D and E aquifers.
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Table M(a)-2
Contaminant Levels and Treatment Objective

Groundwater Concentration Treatment Objective
Contaminant (90.})(/g)

Target Volume I

TCE 215.0 !r<0.5

PCE 1 108.0 <0.5

1,1-DCE 29.6 <:0.5

cis-1,2-DCE 247.9 !50.5

Vinyl Chloride 49.6 <0.5

Benzene 0.6 •:0.5

Target Volume 2

TCE 106.3 !50.5

PCE 50.2 •ý0.5

I,I-DCE 13.7 <0.5

cis- 1,2-DCE 115.0 :0.5

Vinyl Chloride 23.0 •0.5

Treatment Option Descriptions

Three treatment options will be considered: (1) air stripping, (2) liquid-phase
activated carbon, and (3) advanced UV oxidation. Figure M(a)-l illustrates each
treatment option. The following sections describe each option.

Option A-Air Stripping

This technology uses air-water contacting towers to promote transfer of contaminants
from the water into an airstream. This airstream is directed into an offgas treatment
system, which is discussed in Appendix L, Vadose Zone Treatment Options. The
system includes fiberglass-reinforced plastic (FRP) stripping towers, centrifugal fans to
force air through the system, duct heaters to lower the relative humidity of the
effluent airstream to the offgas treatment system, acid wash systems to periodically
clean the packing of precipitated solids, and FRP ducting to convey and disperse the
air.

Water treatment using air stripping will be effective in removing all the listed contam-
inants to a certain degree depending on the contaminants volatility. The design and
treatment capability of an air stripper is dependent on the least volatile contaminant
concentration and the treatment objective. TV I can be treated using a single tower
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of approximately 7.5 feet in diameter, and 25 feet in height is required to reach the
treatment objective. TV 2 can also be treated using a single tower of the same dia-
meter, but the height of the tower is approximately 30 feet.

Option B-Liquid-Phase Carbon Adsorption

This technology uses direct contact of the contaminated water with activated-carbon
to promote adsorption of contaminants onto the carbon and removal from the water-
stream. The systems are skid-mounted modular units, consisting of two carbon vessels
on each skid. Each skid is capable of treating up to approximately 700 gpm. Skids
come complete with pressure-rated vessels designed for up to 75 psig.

Carbon treatment of contaminated water will typically remove most of the contami-
nants present to <0.5 lzg/ using the vessels in parallel and series. Periodic carbon
regeneration is required and is accomplished by removing the carbon from the vessel.
hauling it to a regeneration facility, and heating it in a furnace to a temperature
which evaporates and incinerates the adsorbed contaminants. The regenerated
carbon is then reused.

For TV 1, one skid is necessary to accommodate the flow from the B and C aquifer.
For T V' 2, two skids are required for the higher flow.

Option C-Advanced UV Oxidation

This technology uses a chemical reagent and UV light to oxidize the contaminants
identified at the Davis Site into nonhazardous species. The reagent used is aqueous
solutions of hydrogen peroxide. The advanced UV oxidation system components
include a hydrogen peroxide storage tank and metering pump and a reaction chamber
with multiple contact cells which mix the wastewater with small amounts of hydrogen
peroxide in the presence of UV light. The system requires power for UV lamps and
periodic offloading of hydrogen peroxide to the storage facility.

Treatment to nondetect levels can be accomplished with these units through the resi-
dence time and peroxide dose. For TV 1, it is assumed one UV/peroxide oxidation
modular system is required to achieve the treatment objective. For TV 2, one larger
UV/peroxide oxidation modular system is required. Case studies involving UV
oxidation are included in Attachment M(a)-4.

Option Evaluation Criteria

The options were evaluated on the basis of four important criteria relevant to justify
implementation of the options. The criteria are listed and described as follows:
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Status of Development

The option's track record is usually reflected by the degree to which the remediation
method is considered proven commercial technology. Innovative technologies
obviously would not have a track record and hence predicting their reliability and
performance is difficult.

Efficiency

The destruction removal efficiency (DRE) is the single most important characteristic
of the remediation option. It is typically expressed as a percentage and is computed
as follows:

[Mass of component - Mass of componenmi
[in feed stream - in existing stream] 100

Mass of component in feed stream

Reliability

Reliability refers to the option's consistency and safety during operation. For
instance, an option that needs frequent shutdowns cannot be considered reliable.

Costs

The costs refer to the capital and operation and maintenance (O&M) cost estimates
associated with each option. These cost estimates have beer, assembled for inclusion
into the alternative cost estimates. The cost estimates developed are order-of-
magnitude estimates; These estimates are expected to be accurate within +30 to -
30 percent and provide a basis for comparison between treatment alternatives. The
detailed breakdowns of capital and O&M costs for each option are given in the
attachments to this technical memorandum. The detailed breakdowns for air strip-
ping are presented in Attachment M(a)-l, for liquid-phase carbon adsorption in
Attachment M(a)-2, and for UV oxidation in Attachment M(a)-3.

Capito Costs

Capital costs include those costs associated with the original equipment, including the
cost of the process control, and auxiliary units. It also includes the installation, con-
tractor profit, and a small contingency. The percentages used in the treatment facility
costs are consistent for a given technology, but may vary from one alternative to
another. The percentages used in these estimates were determined using Plant Design
and Economics for Chemical Engineers (Peters and Timmerhaum, 1990), Chemical
Engineering Economics (Garrett, 1989), and past professional experience. These costs
do not include other contingencies for scope chsinges, permitting and legal fees, or
design fees. These other contingencies and fees are assund to be more accurately
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applied to each alternative cost estimate. Table M(a)-3 summarizes the capital costs
for TV I for each option. Table M(a)-4 summarizes the capital cost for TV 2.

Table M(a)-3
Capital Coats

Davis Site Treatment Facility
(V t1)

Cost ($)

Liquid-Phase
Description Air Stripping Carbon Adsorption UV Oxidation

Treatment Facility Costs 501,000 347,000 296,000
Site Preparation 14,000 14,000 14,000
Land 0 0 0
Toid Consbuction Costs 515,000 361,000 310,000

Table M(a)-4
capital costs

Davis Site Treatment Facility
(TV 2)

cost (s)

Liquid-Phase
Description Air Stripping Car dsorption IN o___t_

Treatment Facility Costs 551.000 693,000 497,000
Site Preparation 14,000 14,000 14,W00
Land 0 0 10

t Total Comtu-n. CO 565,s0t 707,000 506al tn

The capital costs for air stripping and liquid-phase carbon adsorption were estimated
using cost estimating software systems Stripper and CORA. Ile Stripper software
system is a design model for air stripping. Stripper takes the detailed conditions and
treatment objectives of the specified site and calculates the design parameters for an

air stripping column. The CORA software system is a cost estimnating system that
takes the site conditions and selected treatments and calculates the capital and O&M
coits for each treatment along with site preparation costs. Estmating capital cost for
the air stripping option was calculated using the design parameters from Stripper.
Quot s from vendors were used to estimate the capital cost for the liquid-phase
carbon adsorption and the UV oxidation options. The air stripping capital cost was
compared to vendor quotas obtained for similar treatment systems.
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Operation and Maintenance Costs

The O&M costs reflect the maintenance and reliability of a system. Operating costs
are annual recurring costs and include the costs associated with day-to-day operation
and routine maintenance. The O&M costs include the following:

Labor - cost associated with marnual operation and maintenance of the
option. This cost may vary depending on the number of units for each
option.

Materials - cost associated with maintenance costs, administrative costs,
disposal of personal protective equipment (PPE) or replacement
materials, and items needed for the option process, such as sodium
hypochlorite for washing the air stripping tower, carbon for the liquid-
phase carbon adsorption, or hydrogen peroxide for the UV oxidation
process.

"* Analytical - cost associated with weekly sampling of the influent and
effluent streams of each option. This cost may vazy depending on the
number of units for each option and the number of influent and effluent
streams into each unit.

"* Health and Safety - cost associated with refresher training, annual
physical examinations, health and safety monitoring equipment, and
PPE.

* Power - cost associated with power to run the wmits and their auxiliary
equipment.

* Contingency - cost associated with nonroutine maintenance or operation.

Table M(a)-5 summarizes the O&M costs for TV 1 for each option. Table M(a)-6
summarizes the O&M cost for TV 2.

O&M costs for air stripping and liquid-phase carbon adsorption were estimated using
vendor information and calculation methods outlined in Hazo4ow Waste Remediation
Operations and Maintenance Cost Estimating Guidance Manual prepared in September
1989 by CH2M HILL for the California Department of Heakh Services. For UV
oxidation, the guidance manual was used for general O&M rosts such as labor,
analytical, and health and safety. However, the materials, prts, and power for UV
oxidation were directly acquired from the vendors.
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Table NI(a)-1

O&M Costs
Davis Site Treatment Facility

(TV t)

cost (S)

Uquid-Phase
Description Air Stripping Carbon Adsorption UV Oxidation

Labor 48,000 48,000 48,000
Materials 28,000 125,000 52,000
Analytical 125,000 125,000 125,000
Health and Safety 9,000 9,000 9,000
Power 0 0
Subtotal 213,000 307,000 239,000
Contingency.20 percent 4 6 48,000
Totad Annual O&M Costt 256,000 368,000 287,000

I I , i H II, , -. I III

Table M(a)-6
O&M Costs

Davis Site Treatment Facility
(TV 2)

cost (S) __ ___

Description Air 3tripping Carbon Adsopio UV Oxidation

Labor 48,000 48,000 48,000
Materials 31,000 178,000 110,000
Analytical 125,000 250=000 125,000
Health and Safety 9,000 9,000 9,000
Power 00000
Subtotal 218,000 485,000 362,000
Contingency-20 percent 4 9
Trou Annual O&M Costs 262,000 582,000 434,000

The total capital and O&M costs have been summarized in Table M(a)-7 for each
option. To compare these options, a 30-year project fire with an interest rate of
5 percent has been used in calculating a present worth cost of the facilities.
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Table M(a)-7
Treatment Option Costs Summary

Present Worth

(Assomed 30-year Project Life,

Capital Costs O&M Costs 5% Interest Rate)
Option (S x 1,000) (S x 1,000) ($ x I'

Air Stripping 515 256 4,450
Target Volume I

Air Stripping 565 262 4,592
Target Volume 2

Liquid-Phase Carbon 361 368 6.017
Adsorption
Target Volume I

Liquid-Phase Carbon 707 582 9,652
Adsorption
Target Volume 2

Advanced UV 310 287 4.721
Oxidation
Target Volume I

Advanced UV 506 434 7,176
Oxidation
Target Volume 2

Conclusions

Air stripping has been proven and used industrially for several years. As previously
mentioned, the air stripping tower(s) is designed based on the contaminant concentra-
tion and the amount necessary to remove for remediation. T'erefore, the towers are
designed to be efficient and will have DREs for each contaminant of 99 percent or
better. Air strippers are very reliable, but various elements can affect its perfor-
mance. Bacterial growxth, solids greater than 1 g/l, pH greater than 8, and dissolved
iron greater than I ppm will all cause plugging or fouling of the tower. A pH less
than 5 can cause corrosion. As indicated in Table M(a)-7, the 30.year present worth
cost estimate for air stripping for remediation of TV 1 or TV 2 appears to be the
most cost-effective in comparison to the other remediatis aplus; however, offgas
treatment from the tower(s) needs to be included in the rewwhation consideration of
complete treatment of the groundwater. As discussed previous•y, the offgas treatment
is discussed and evaluated in Appendix L

Liquid-phase carbon adsorption has also been proven and meod indusrialy for several
years. As stated previously, carbon treatment of contamioi water will typically
remove most of the contaminants present to <0.5 W/!. Theref , the contaminants
will have DREs of 99 percent or better. However, vinyl cdoiee is hard to adsorb to
carbon and its DRE will be within 30 to 50 percent. The , I vesats are highly
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reliable and do not require any special maintenance except for carbon replacement.
In the 30-year present worth cost estimate, liquid-phase carbon adsorption is very
costly for the remediation of both TV I and TV 2.

Advanced UV oxidation is a proven remediation technology, but has not been in
industrial use for as long as either air stripping or liquid-phase carbon adsorption. As
discussed previously, UV oxidation treatment to nondetect levels can be accomplished
through the residence time and peroxide dose. Therefore, UV oxidation is efficient
and the DRE for each contaminant is 99 percent or better. The UV oxidation units
are highly reliable and need little maintenance except for UV lamp replacement and
replenishing the hydrogen peroxide supply. As seen with the 30-year present worth
cost estimate, UV oxidation is also a low cost for either TV I or TV 2.

All the options are analogous in regards to status of development, reliability, and
efficiency. Therefore, cost is the deciding factor for the choice of options. Liquid-
phase carbon adsorption cannot efficiently remove the vinyl chloride which is present
in the influent water to the treatment system and is expensive compared to the other
options. Therefore, carbon treatment cannot be considered as the option choice.
Considering that off treatment must be regarded with air stripping for complete treat-
ment of the groundwater, the air stripping option costs will increase and undoubtedly
exceed the cost of the UV oxidation option. Therefore, it is concluded that UV
oxidation is the preferred remediation option. There are many future technological
advancements for UV oxidation that may be used to enhance the remediation
pro:ess. These future advancements are discussed in detail in the main text of this
report.

Works Cited

CH2M HILL 1989. Hazardous Waste Remediation Operations and Maintenance Cost
Estimating Guidance ManuaL Prepared for the California Department of Health
Service.

Garrett, Donald E. 1989. Chemical Engineering Economics.

Peters and Timmerhaus. 1990. Plant Design and Economics for Chemical Engineers.

1001M4 R. (01 RWS) M-1I



A ttachment M(a)-l



AIR STRIPPING
DAVIS TREATMENT FACIUITY COSTS

Target Volume I

Hours per day of operation= 24
Weeks per year of operation= 52
Number of employees=
Influent samples per year- 52
Effluent samples per year- 52

Capitol Costs: Comments:

Treatment Facility Costs:
Purcnased Equipment $194 867 Scaled Vendor Quote
Equipment Installation 4739 S91 588 Reference 1P
Instrumentation 18% B35 076 Reference 1
Piping & Ducts (installed) 66% S Z 613 Reference 1
Electrical (installed) 11% 321 435 Reference 1
Contractor's Fee 5% S9743 Reference 1
Contingency 10% S19 487 Reference 1

S5001809

Site Preparation:
Costs $13.700 From CORA

$13,700

Land:
2 acres needed $0 Land already owned

Total Construction Cost: $514,509

Annual Operations and Maintenance Costs"-

Labor.
A. Operational Labor

Air Stripping 832 hr/yr $29,120
B. Additional Labor 166.4 hr/yr $7,488
C. Supervisor Labor 200 hr/yr $10,982

$47,590

Materials:
A. Sodium Hypochlorite $969
B. Annual Maintenance Cost $25,725
C. Administrative Costs $1,286
D. Disposal

PPE $112
$28,093

Analytical:
A. Samples

Air Stripping $124,800 Sampled weekly
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$124.,15M0

Health and Safety:
A. Training Initial training costs included in

Refresher $2,500 the capital cost estimate
B. Physical Exams $576
C. Health & Safety Monitoring Equipment $2,246
D. PPE $3,744 Modified Level 0

$9.066
Power:

A. Air Stripping
Fan $3,342 Pump cost included in Wellhead

$3,342 costs.

Contingency: 20% $42,579

Total Annual G & M Cost: $255.471

Note: *Reference 1: "Plant Design and Economics for Chemical Engineers" by Petes and Timmerhaus
and "Chemical Engineenng Economics" by Garrett.

"-O&M Costs Estimated Based on "Hazardous Waste Remediation Operations & Maintenance
Cost Estimating Guidance Manual."
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AIR STRIPPING
DAVIS TREATMENT FACIUTY COSTS

Target Volume I
Summary Table

Capitol Costs:

Treatment Facility Costs: $501,000
Site Preparatlon: $14,000
Land: $0

Total Construcion Cost: s515,000

Annual Operations and Maintenance Costs:

Labor: $48,000
Materials: $28,000
Analytical: $125,000
Health and Safety: $9,000
Power: $3,000
Contingency: 20% $43,000

Total Annual 0 & M Cost: $256,000
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AIR STRIPPING
DAVIS TREATMENT FACIUTY COSTS

Target Volume 2

Aours per day of operation=
Weeks per year of operation=
Number of employees=
Influent samples per year- 52
Effluent samples per year- 52

Capitol Costs: Comments:

Treatment Facility Costs:
Purchased Equipment S214.402 Scaled Vendor Quote
Equipment Installation 47% $100.769 Reference 1
Instrumentation 18% $38,592 Reference 1
Piping & Ducts (installed) 66% $141.505 Reference 1
Electrical (installed) 11% 2:3,584 Reference 1
Contractors Fee 5% $10.720 R-aference 1
Contingency 10% $21,440 Reference 1

$551,014

Site Preparation:
Costs S13,700 From CORA

$13.700

Land:
2 acres needed $0 Land already owne i

so

Total Construction Cost: $'7

Annual Operations and Maintenance Costs":

Labor:
A. Operational Labor

Air Stripping 832 hr/yr $29,120
B. Additional Labor 166.4 hr/yr $7.488
C. Supervisor Labor 200 hrlvr $10.982

$47.590

Materials:
A. Sodium Hypochlorite $5.69
B. Annual Maintenance Cost $28.238
C. Administrative Costs $1,412
O. Disposal

PPE $112
M,729

Analytical:
A. Samples

Air Stripping $124,800_ SanV weekly

TV2CSSTP XLS



$124,800

Health and Safety:
A. Training Initial traininl costs included in

Refresher $2,500 the capital cost estimate
B. Physical Exams $576
C. Health & Safety Monitoring Equipment $2,246
D. PPE $3,744 Modified Level 0

$9,066
Power:

A. Air Stripping
Fan $5,351 Pump cost included in Wellhead

$5,351 costs.

Contingency: 20% $43,507

Total Annual 0 & M Cost: $261,044

Note: *Reference 1: "Plant Design and Economics for Chemical Engineers4 by Peters and Timmeru1aus
and "Chemical Engineering Economics" by Garrett.

-O&M Costs Estimated Based on "Hazardous Waste Remediation Operations & Maintenance
Cost Estimating Guidance Manual."
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AIR STRIPPING
DAVIS TREATMENT FACILITY COSTS

Target Volume 2
Summary Table

Capitol Costs:

Treatment Facility C3sts: $551,000
Site Preparation: $14,000
Land: $0

IlTotal construction cost: $565, 005 0

Annual Operations and Maintenance Costs;

Labor $48,000
Materials: $31,000
Analytical: $125.000
Health and Safety: $9,000
Power: $5,000
Contingency: 20% $44,000

Totai Annual 0 & M Cost: $262,000
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LIQUID PHASE ACTIVATED CARBON
DAVIS TREATMENT FACILITY COSTS

Targ:'. Volume 1

Number of Units= 1
Hours per day of operation= 24
We3ks per year of operation= 52
Number of amoloyees= [ 2
Groundwater Flows= 380 gpm
Influent samples per year- 52
Effluent samples per year= 52

Capitol Costs: Comments:

Treatment Facility Costs:
Purchased Equipment $175.,0W Vendor Quote
Equipment Installation 27% $47,250 Reference 1
Instrumentation 10% £17500 Reference 1
Piping & Ducts (installed) 35% $61.250 Reference 1
Electrical (installed) 11% $19,250 Reference 1
Coodractor's Fee 5% $8.750 Reference 1
Contingency 10% $17.500 Reference 1

$346,00

Site Preparation:
Costs $13.700 From CORA

$13,700

Land:
2 acres needed SO Land already owned

Total Construction Cost: S6.200

Annual Ooerations and Maintenance Costs$:

Labor:
A Operational Labor 832 hy/yr M.120
8. Additional Labor 166 hr/yr 57.488
C. Supervisor Labor 200 hr/yr $10.982

' 47.590

Materials:
A. Carbon Replacement S105.967 $1/lb of carbon
B. Annual Maintenance Cost 518,010
C. Administrative Costs $801
0. Disposal

PPE $112

Analytical:
A. Samples S124.UO
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$124,800

Health and Safety:
A. Training Initial training included in

Refresher $2,500 the capital cost estimate
B. Physical Exams $576
C. Health & Safety Monitoring Equipment $2,246
D. PPE $3,744 Modified Level 0

$9,066
Power:

No power $0 Pump cost included in Wellhead
$0 costs.

Contingency: 20% $61,289

Total Annual 0 & M Cost: $367,736

Note: *Reference 1: "Plant Design and Economics for Chemical Engineers" by Peters and Timmerhaus
and "Chemical Engineering Economics" by Garrett.

"O&M Costs Estimated Based on "Hazardous Waste Remediation Operations & Maintenance
Cost EstimatiUg Guidance Manual"
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LIQUID PHASE ACTIVATED CARBON
DAVIS TREATMENT FACILITY COSTS

Target Volume 1
Summary Table

Capitol Costs:

Treatment Facility Costs: $347,000
Site Preparation: $14.000
Land: $0

tal Construction Cost: $361.000

Annual Operations and Maintenance Costs:

Labor: $48.000
Materials: $125,000
Analytical: $125,00n
Health and Safety: $9,000
Power: $0
Contingency: 20% $61,000

Total Annual 0 & M Cost: $368,000

TVICSTLC.XLS 3



LIQUID PHASE ACTIVATED CARBON
DAVIS TREATMENT FACIUTY COSTS

Target Volume 2

Number of Units 2
Hours per day of operation= 24
Weeks per year of operation= 52
Number of employees-
Groundwater Flows= 820 gpm
Influent samples per year( 104
Effluent samples per year- 104

Capitol Costs: Comments:

Treatment Facility Costs:
Purchased Equipment $350,000 Vendor Quote
Equipment Installation 27% $94,500 Reference 1*
Instrumentation 10% $35,000 Reference 1
Piping & Ducts (installed) 35% $122,500 Reference 1
Electrical (installed) 11% $38.500 Reference 1
Contractor's Fee 5% $17,500 Reference 1
Contingency 10% $35,000 Reference 1

$693,000

Site Preparation:
Costs $13,700 From CORA

$13,700

Land:
2 acres needed $0 Land already owned

$0

Total Construction Cost: $706,700

Annual Operations and Maintenance CostW.s-

Labor:
A. Operational Labor 832 hyhy $29,120
B, Additional Labor 168 hrlyr $7,488
C. Supervisor Labor 200 hrlyr $10,982

$47.590

Materials:
A. Carbon Replacement $140,756 $1/lb of carbon
B. Annual Maintenance Cost $35,335
C. Administrative Costs $1.767
0. Disposal

PPE $112
$177,970

Analytical:
A. Samples $249,800
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$249,600

Health and Safety:
A. Training Initial training included in

Refresher S2,500 the capital cost estimate
B. Physical Exams $576
C. Health & Safety Monitoring Equipment $2246
D. PPE $3,744 Modified Level D

$9,066
Power:

No power $0 Pump cost included in Wellhead
S0 costs.

Contingency: 20% $96.845

Total Annual 0 & M Cost: $581,072

Note: *Reference 1: "Plant Design and Economics for Chemical Engineers" by Peters and Timmerhaus
and "Chemical Engineering Economics" by Garrett.

"-O&M Costs Estimated Based on "Hazardous Waste Remediation Operations & Maintenwe
Cost Estimating Guidance Manual."
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LIQUID PHASE ACTIVATED CARBON
DAVIS TREATMENT FACIUTY COSTS

Target Volume 2
Summary Table

Capitol Costs:

Treatment Facility Costs: $693,000
Site Preparation: $14,000
Land: so

Total Construction Cost, $707,000

Annual Ogerations and Maintenance Costs:

Labor: $48,000
Materials: $178,000
Analytical: $250,000
Health and Safety: $9,000
Power: $0
Contingency: 20% $97,000

JTotal Annua 0 & M Cost: $582,0001
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UVIOXIDATION
DAVIS TREATMENT FACIUTY COSTS

Target Volume I

Number of Units=
Hours per day of operation= 24
Weeks per year of operation= 52
Number of employees= 2
Groundwater Flows= 380 gpm
Influent samples per year= 52
Effluent samples per year= 52

Capitol Costs: Comments:

Treatment Facility Costs:
Purchased Equipment $150,000 Vendor Quote
Equipment Installation $7,500 Vendor Quote
Instrumentation 22% $33,000 Reference 1"
Piping & Ducts (installed) 40% $60,C00 Reference 1
Electrical (installed) 15% $22,500 Reference 1
Contractor's Fee 5% $7,500 Reference 1
Contingency 10% $15,000 Referencc 1

$295,500

Site Preparation:
Costs $13,700 From CORA

$13,700

Land:
2 acres needed $0 Land already owned

$o

Total Construction Cost: $309,200

Annual Ooeratinns and MaintenanceCosts

Labor:
A. Operational Labor 832 hr/yr $29,120
B. Additional Labor 166.4 hr/yr $7,488
C. Supervisor Labor 200 hr/yr $10,982

$18,470

Vendor Material and Parts O&M: $52,000 H202 Q $.65/lb 50%

Analytical:
A. Samples $124,800

$124,800

Health and Safety:
A. Training

Refresher $2.500
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B. Physical Exams $576

C. Health & Safety Monitoring Equipment $2,246

D. PPE $3,744 Modified Level D
$9,066

Vendor Power O&M: $5,000 60 kW @ $.06,'kWh

Contingency: 20% $41,867

Total Annual 0 & M Cost: $251.2•!04

Note: "Reference 1: "Plant Design ,"nd Economics for Chemical Engineers" by Peters and Timmerhaus
and "Chemical Engineering Economics" by Garrett.

"-O&M Costs Estimated Based on "Hazardous Waste Remediation Operatios & Maintenance

Cost Estimating Guidance Manual."
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UVIOXIDATION
DAVIS TREATMENT FACIUTY COSTS

Target Volume I
Summary Table

Capitol Costs-

Treatment Facility Costs: $296,000
Site Preparation: $14,000
Land: so

Total .onstruction Cost: $310.00011

Annual Operations and Maintenance Costs:

Labor: $18,000
Vendor "Iateriai and Parts O&M: $52,000
Analytical: $125,000
Health and Safety: $9,000
Vendor Power O&M: $5,000
Contingency: 20% $42.000

Total Annual 0 & M Cost: $251,000
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UVIOXIDATION
DAVIS TREATMENT FACILITY COSTS

Target Volume 2

.4umber of Units= 1
Hours per day of operation=
Weeks per year of operation=
Number of employees= [ 2
Groundwater Flows= 820J gpm
Influent samples per year- 52
Effluent samples per year 52

Capitol Costs: Comments:

Treatme,,. Facility Costs:
Purchased Equipment $250.000 Vendor Quote
Equipment Installation $12.000 Vendor Quote
Instrumentation 22% $55.000 Reference 1°
Piping & Ducts (installed) 40% $100,000 Reference 1
Electrical (installed) 15% $37,500 Reference 1
Contractor's Fee 5% $12,500 Reference 1
Contingency 10% 525,000 Reference 1

$492.000

Site Preparation:
Costs $13.700 From CORA

$13,700

Land:
2 acres needed $O Land already ownem

So

Total Construction Cost: S505,700

Annual Operations and Maintenance Costs":

Labor:
A. Operational Labor 832 hr/yr $29,120
B. Additional Labor 166.4 hr/yr $7,488
C. Supervisor Labor 200 hr/yr $10.982

$18,470

Vendor Material and Parts O&M: S110.000 H202 (T $.65Ib 50%

Analytical:
A. Samples S124.800

$124,800

Health and Safety:
A. Training

Refresher $2500

TV2CSTUV XLK



B. Physical Exams $576

C. Health & Safety Monitoring Equipment $2,246

D. PPE $3,744 Modified Level D
$9,068

Vendor Power O&M: $70,000 135 kW M $.06/kWh

Contingency: 20% $66,467

'Total Annual 0 & M Cost: $398,804

Note: "Reference 1: "Plant Design and Economics for Chemical Engineers" by Peters and Timmerhaus
and "Chemical Engineering Economics" by Garrett.

"O&M Costs Estimated Based on "Hazardous Waste Remediation Operations & Maintenance
Cost Estimating Guidance Manual."
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UV/OXIDATION
DAVIS TREATMENT FACIUTY COSTS

Target Volume 2
Summary Table

Capitol Costs:

Treatment Facility Costs: $492,000
Site Prepare;o.: $14,000
Land: $0

Total Construction Cost: $506,000

Annual Operations and Maintenance Costs:

Labor: $18,000
Vendor Materal and Parts O&W: $110,000
Analytical: $125,000
Health and Safety: $9,000
Vendor Power O&M: $70,000
Contingency: 20% $66,000

Total Annual 0 & M Cost: $398,000
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Chemical Oxidation of Dissolved Hazardous
Organic Materials

by

Christopher L. Giggy
Peroxidation Systems, Inc.

5151 E. Broadway, Suite 600
Tucson, Arizona 85711

ABSTRACT

Most conventional water treatment technologies are based on converting the state or
phase of the contamination. Removal of hazardous organic contamination from water
by solid-phase adsorption and removal of volatile organics from water by air stripping
are two such examples. In these approaches, subsequent treatment is required to
complete the removal of the contaminant from the environment. True destruction of the
organic contaminants has been left to incineration for high concentration wastes or
biological oxidation for low level non-toxic materials.

More recently, advances in mechanical and electrical design, as well as more stringent
treatment requirements, have made chemical oxidation a viable treatment alternative.
One of the most promising of these innovative processes involves ultraviolet light
catalyzed chemical oxidation of organics in water using hydrogen peroxide. Dissolved
organics are converted to carbon dioxide and water. Where halogenated solvents are
treated, the attendant halide remains dissolved. Operating field units have been in place
for as long as 10 years.

Peroxidation Systems, Inc. of Tucson, Arizona, the leader in the chemical oxidation
field, has over 35 ft1l1-€PIcr, ins'c•llstions ;ncluding three syscfcs A. 4y^"--1 Plc~
laboratory and field performance data are presented to demonstrate the process
effectiveness on a variety of hazardous -organic contaminants. The process can be
operated as a closed system generating no air emission, solid residuals, or other
secondary pollution problems. Treated water is suitable for discharge, reinjection or
reuse.

INTRODUCTION

Most early environmental pollution controls were based upon visual indicators. Smokestacks
emitting particulates, fish kills due to gross toxicity, organic discharges leading to oxygen
depletion in rivers, and algae blooms in lakes were the iftain focus. Tens of parts-per-million
were the controversial effluent levels and fishable, swimmable waterways the goals.

More recently, the abilities of analytical laboratories to detect sub part-per-billion levels of
contaminants and studies linking long-term, low-level exposure to health problems, have shifted
regulatory concerns to many previously neglected areas.

The fairly recent discoveries of the magnitude and extent of the contamination of our
groundwater resources has lead to a new emphasis on groundwater clean-up. The disposal of
wastes on or under the ground met the early environmental goals of not discharging to air or
surface waters. However, an even greater problem of groundwater contamination was created.
Ever since Love Canal in the late 1970's and the formation of the Superfund program in 1980,
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hazardous and toxic materials in the ground and groundwater have received a great deal of
scrutiny while the definition of acceptable treatment levels has moved cev. 1o~ver. In order to
treat hazardous organic contaminants in water to low part per billion levels, many of the
conventional technologies employed in the past become very expensive or are not feasible. Gne
of the more innovative approaches to producing very high purity water is chemical oxidation.
The most promising method is to use an oxidant such as hydrogen peroxide or ozone, which
contain no extraneous products, and employ ultraviolet light to catalyze the oxidation reaction.'
This process has been in use for a number of years, but recent advances in hardware technology
have made chemical oxidation economically competitive with conventional treatme-:. methods
and, in many instances, it is the process of choice.:

THE UV/PEROXIDATION PROCESS

Chemical oxidation of organic contaminants in water is a ta±nology which can be applied to
a broad spectrum of aqueous wastes. The process, when carried to completion, converts
hydrocarbon contaminants to carbon dioxide and water. Any halogens present in the organic
molecule are converted to the corresponding inorganic halides.

When either hydrogen peroxide (H202) or ozone is catalyzed with ultraviolet (UV) light,
hydroxyl radicals are formed which then react with the organic contaminant. The oxidation
potentials for common oxidants are listed in Table 1. As shown, the hydroxyl radical is second
only to fluorine in oxidative power.

Table I

Oxidation Potential of Oxidaus

Relative
Oxidation Oxidative
Power Potential
Chlorine = .0 S2&c •ls

2.23 Fluorine 3.03
2.06 Hydroxyl Radical 2.80
1.78 Atomic Oxygen (singlet) 2.42
1.52 Ozone 2.07
1.31 Hydrogen Peroxide 1.78
1.25 Perhydroxyl Radical 1.70
1.24 Permanganate 1.68
1.17 Hypochlorous Acid 1.59
1.15 Chlorine Dioxide 1.57
1.10 Hypochlorous Acid 1.49
1.07 Hypoiodous Acid 1.45
1.00 Chlorine 1.36
0.80 Bromine 1.09
0.39 Iodine 0.54
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The reaction of formic acid with UV catalyzed FLO, illustrates the photochemical oxidation
Drocess.

HO. UV 2 -OH

HCOOH +. OH -20 + HCOO0

HCOO0 +.OH -l + C02

Neither HO.O nor ozone contain metals or halogens which can lead to undesirable by-products
during the organic oxidation process. However, H120 has certain inherent advantages and is
preferred as the source of hydroxyl radicals over ozone. H.O 2 is supplied- commercially as an
easily handled liquid (30-50%) which has infinite solubility in water. Ozone is a toxic gas with
limited water solubility and must be generated on-site. Also, the solubility of H-I0O greatly
simplifies the reactor design in terms of oxidant addition, mixing of the repztants, and
elimination of concern over fugitive toxic gases which can contain ozone and the organic
constituents.

Furthermore, H.02 storage and feed systems are relatively inexpensive compared to ozone
generation and feed equipment. Finally, hydroxyl radical formation from 1-0,. is more efflic.:,f
than from ozone, yielding two hydroxyl radicals from each molecule of H,0O.

Like most other treatment methods the UV/peroxidation process is dependent upon a number
of conditions which can affect both performance and cost. Some process variables are inherent
to the properties of the contaminaed water while others can be controlled by the treatment
system design and operation. Some of the more important process variables are summarized
in TabJe 2.

Table 2

UV/Peroxidation Process Variables

Variables related to the contaminated water.

" typ and concentration of organic contaminants
"* light transmittance of the water

(color/suspended solids)
• type and concentration of inorganic constituents

Variables related to treatment process design and operation

"* UV and HO, dosages
"• pH and temperature conditions
"• use of catalysts

"TREATMENT EQUIPMENT

While the UV/peroxidation process chemistry is well known, refined equipment design and the
use of a high intensity UV source, such as that employed in the perex-pure'" system, is a
more recent development. The use of high intensity UV has produced a dramatic reduction
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in contaminant oxidation time. Figure 1 presents data illustrating the relationship between UV
intensity and required oxidation time for Lrichluroctnene (TCE).

In full-scale treatment applications, implementation of the relationship shown in Figure 1 results
in a perox-pureTM system utilizing I UV lamp in a 20 gallon reactor providing treatment
equivalent to a system with 200 low intensity lamps in a 1500 gallon reactor. The increased
operating cost for power with the perox-pure'? system is more than offset by the lower capital
and maintenance costs of the equipment, and the smaller equipment size.

A flow diagram of a typical perox-pureT ' system is shown in Figure 2. 111.0., which is stored
on-site in polyethylene or aluminum tanks at 50% concentration, is injec:ed into the influent
water stream via chemical metering pumps. The solubility of ILO. in water negates any need
for mixing or dispersion devices other than the inlet piping. The water then flows into the
oxidation chamber where it is brought into intimate contact with the UV lamps. The treated
water exits the oxidation chamber, usually with a minor amount of residual ILO., and is
discharged as appropriate.

Individuai perox-pure TM ' oxidation chambers may contain up to 15 UV lamps depending upon
the water flow rate and the organic contaminant concentrations. As needed, the modular
oxidation chambers are mounted in series or parallel to provide longer contact times or higher
flow capacities. Such modular systems have been constnted with hydraulic capacities of up
to 1500 gpm.

APPLICATION OF THE perox-pureTM PROCESS

The perox-pureTM Process is experiencing good success both in Arizona and other parts of the
country and Europe. There are currently two units operating in Arizona, two additional units
sold and three others in testing and under consideration.

Several case studies are presented below to illustrate the application of the perox-pureTm

Process as a water treatment solution. The corresponding equipment design parameters and
operating costs are discussed in each case.

Case A.- Destruction of-TCE in Groundwater

The groundwater plume beneath a residential area of a southern Arizona city was found to be
contaminated with trichioroethene (TCE) and 1,2-dichloroethene (DCE). Peroxidation Systems,
Inc. (PSI) was contracted to provide a treatment system for a 2-year remediation demonstration
project to be conducted at a monitoring well located in the residential area. The monitoring
well was s.elected based upon its production of the more contaminated water.

A perox-pureTm Model CW-180 was installed in December 1989, and was later replaced with
a smaller unit, a Model LVB-90, based upon the favor'lc treatment results obtained and
improved equipment design. The selection of the original treatment equipment was based upon
a bench-scale study conducted at the PSI Testing Laboratory in Tucson, Arizona on a sample
of the groundwater. The improved Model LVB-90 was able to achieve the same performance
with one-third the power requirements.

* Peroxidation Systems. Inc., Tucson, Arizona
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The current treatment process conditions and results for the Case A site are shown in Table 3.
The groundwater is coloriess with low solids content, a pH of 7.8, and low mg/l levels of
inorganic constituents. The treatment flow rate is 135 gpm on a 24 hour per day, 7 day per
week basis. A UV lamp power of 30 KW is utilized along with 15 mg/l of H'0. to destroy 124

C1g/l of TCE and 22 pg/i of DCE to less than I 14g/l each. the treate4 groundwater is
discharged. to the sanitary sewer system at present.

Table 3

perox-pure " Treatment Process
Conditions and Results for Case A

Flow Rate (Zpm) 135
perox-pure Model LVB-90
UV Lamp Power (KW) 30
H:O, Dosage (mg/I) . 15
Reaction Time (min.) 0.3
Influent Contaminants (pg/1)

Trichloroethene 124
1,2-Dichloroethene 22

Effluent Contaminants (pg/1)
Trichloroethene < 1
1,2-Dichloroethene < 1

The perox-pure'TM system at the Case A site is being operated under a PSI Full Service Contract
which eliminates capital expenditure and includes regular service, all parts and labor for
maintenance, delivery of hydrogen peroxide and a guarantee of system performance. The
operating cost for the system is approximately $0.83 per 1000 gallons treated including
electrical power and the PSI Full Service Contract fee.

Case B - Destruction of BTEX in Groundwater

Groundwater monitoring near a lumber mill in Northern Arizona discovered high concentrations
of BTEX (benzene, toluene, ethyl benzene and xylenes) and heavy hydrocarbons. The
contamination was found to be a result of frequent gasoline spills from equipment at the mill
previously operated at the site. PSI was connracted to provide a treatment system which would
destroy the detectable organic contaminants to low tg/I level.

A perox-pureT Model LVA-60 was installed at the Case B site in October 1989. Bench
testing at the PSI Testing Laboratory was used to nizne 'he treatment equipment. The treatment
is expected to continue for three to five years.

The operating conditions and treatment results for the Case B site are summarized in Table 4.
The treatment flow rate is a constant 8.5 gpm, although the equipment is sized for
approximately 25 gpm. The current flow rate is based upon the low output of the production
wells at the site. A UV lamp power of 60 KW is used in conjunction with 200 mg/1 of O20,
to destroy 11,500 pg/l of BTEX and other hydrocarbons to below the analytical detection limits.
The pH of the groundwater is reduced from 7.5 to approximately 6 with sulfuric acid prior to
treatment to reduce the high alkalinity of the groundwater and prevent fouling of the perox-
pureTM equipment. The treated water is used for dust control at the site.

5



Table 4

perox-pureT "' Treatment Process
Conditions and Results for Case B

Flow Rate (ein) 8.5
perox-pureThr Model LVA-i()
UV Lamp Power (KW) 60
H.O. Dosage (mng/I) 200
Reaction Time (min.) 3.1
Influent Contaminants (/ig/I)

Benzene 2,540
Toluene 3.320
Ethylbenzene 353
Xylenes 2,490
Other Hydrocarbons 2,780

Effluent Contaminants (lg/l)
Benzene <1
Toluene < I
Ethvlbenzene < I
Xylfenes < I
Other Hydrocarbons < 10

The perox-pure"4 system at the Case B siie is also being opewed under a PSI Full Service
Contract, providing all equipment, service, maintenance, chemical supply, ard guaranteed
performance. The operating cost for the treatment system, including electrical power and the
Full Service Contract fee, is approximately $0.019 per gallon treated. This cost is relatively
high due to the oversizing of the equipment. If the original design flow rate of 25 gpm is used,
the projected treatment cost is SO.007 per gallon treated.

Case C - Combination Treatment

In May 1988 PSI was contracted by a consultant working for a Fortune 100 company with a
contaminated groundwater site.

PreLiminary estimates of the UV/Peroxidation process applicaility were done using the
extensive database accumulated by PSI from its treatment testing. Using rate constants from
the database, the perox-pureT Process was judged to be a viab alfternative. A liquid phase
granular activated carbon system, while considered technically feasible, was judged less
desirable due to logistics of handling the spent carbon, cost and liabilities associated with spent
carbon transport. The initial conceptual design was for the UV/Peroxidation Systems to act
as a polish step after air stripping.

Because of the low flow estimated for treatment (25-50 gpm) aW the bench-scale success, the
smallest perox-pure' production model, and LV-60, was chosen fr the on-site demonstration.
The unit was shipped to the site and the first testing of the sas comumed in December.

Data from this initial testing is presented in Table 5. As can be m fro,, the data, the system
was demonstrated to work at near 100% tificie.icy on most of ti he with destruction
of 1,1, 1-Trichlorcethane (TCA) at 29%.
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Table 5

Initial Test Data on UV/Peroxidation

INF" EFF
Contaminant (uIf "M

1,1-DCA 4.5 < 1.0
1,2-DCE 162 < 1.0
1, 1,1-TCA 105 74
TCE 68 < 1.0
PCE 272 < 1:0

Contact Time: 2.0 min.
HLO:: 40 mg/i

Effluent from Air Stripper

While TCA has much less toxicity than the others and is usually allowed at up to 40 times the
concentration of the others, the 74 ppb effluent was above the NPDES discharge limit. In order
to make maximum use of both the air stripper and the UV/Peroxidation system the treatment
system was replumbed to allow UV/Peroxidation first followed by the air stripper. Data from
this treatment sequence is presented in Table 6. As is shown, the UV/Peroxidation destroyed
virtually all contaminants with the exception of TCA which is subsequently reduced to below
2 ig/l by the air stripper. The result of this sequence is higher quality effluent water as weil
as much lower atmospheric emissions of chlorinated hydrocarbons obviating the need for vapor
phase controls.

Table 6

UV/Peroxidation Performance Ahead of
Air Stripper

perox-pure Tm  Air StripperContaminant Inf.lg!!)j Ef,(al Eff. lngt/W

MeCI 75 3.8 < 2.0
1,2-DCE 3480 < 2.0 < 2.0
1,1,-TCA 1980 1430 < 2.0
TCE 1480 < 2.0 < 2.0
PCE 4990 < 2.0 < 2.0

The perox-pureT" system on this site is being operated on a Full Service Contract which
eliminates capital expenditure and includes regular service, all pats and labor for maintenance,
delivery of hydrogen peroxide and a guarantee of system performance. The cost to destroy the
organics as shown with the perox-pure system is approximately $2.69 per 1000 gallons
treated including capital amortization, chemicals, electricity and all maintenance pats and labor.

FUMMARY

7



hydrogen peroxide system (perox-pureTM Process), is a proven, effective technology for the
removal of organic contamination from water. It is economically competitive with carbon
adsorption and does away with thz secondary disposal problems and liabilities which result from
other technologies that produce sludges or air emissions. As air and water discharge reg-ua!tions
become more stringent, and disposal of spent adsorption materials becomes more costly, the
perox-pureT Process will come to be one of the technologies of choice for the 1990's.
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FIGURE 1

EFF-ECT OF UV INTENSITY ON DESTRUCTION RATE
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Second Gcrierwwon Enhaanced Oudawan Process/for the Destrucuon of lWaterborne C'ontanurumznus

APPLICATION 0O- RAYOX* FOR THE REMýEDIATION OF CONTAMIINATED
GROUNDWATER

fhis paper cosnwius excerpusfrom a presentation by
Dr. R.D.S. Sieveii at Mse llaWM Central Caiference. Chicago, Ilisnois. uinMarch 1990

[NTRODUCT`ION
rn4sca .gents such as the hydroxyl radical (HO-) and

Until recently. the remediation of groundwater th pestuydwoxyl mrtidl ('H0 2*).
contaminated with chlorinated organic compounds. _____________________

(eag. TCE. TCA, PCB. CHC13. PC?, etc.). Of REACTION RATES OF OZONEAND
petroleum derived hydrocarbons (e.g. benzene. ethyl HYDROXYL
benzene. toluene, xylene or BETX) has. in large RADICAL.S WrrH CLASSES OF ORGANIC
measure. been undakenlsC using either aw stppuig or COMPOUNDS (5)
activated carbon or a combination of both
techologies. It.in Lmole- VI

Recent rcgula:Mr developments such as the San CMON 3O
Francisco Bay Area Air Quainy Rtgulausoas and the CMON 3O
RCRA Land Bans have resulte in a greater tnterest ui
anhanccd('adv-1n~ed)oxid- oprmazswlichcarry Olelfius I1to450 x103 19t o
no secondary pollution or disposal req uiremen ts. S c nan n 0 t . 0 0 1 1 1
This paper describes enhanced oxdto rcse Sorgnisawn 0t . O oI~
(EOP) generally and some of the features which
account for the superior performnance of second PhenlsIo 1
generation systems like Rayoxs. It concludes with
a dlscussion of results obtained in the rtnictiation of N-couaig Ita o 2 to 3010otool
a nwinber of acuial cornamin-aid gmundwalm.

T 'h e En h an c e dl ( *A d v a n ce d ') O x j d n t r ij L x ,3jQ r t a "1 0 21 8 0 1 0

In the miud-seventies. a nwnhbet of reports appeared
descr.- ing the greatly enhanced rate of oxadatoa thas Acetylenes 50 10 to 109
wag obtained when consainiuaascd wame with either
dissolved 03 or H202 was irradiated wash uliavioWe AIk~ichd t0 to')
(UV) lighL One o( the Rthu repomt was given by
Prengle and co-.workers f I). The principles o( this Kesnuim 1 109to 0100
synerg are now wadcrsiood and agreed upon in broad
terms by reseaeheim in this field. Recent discuss~ins Alcohlts 10-2 to I 108 to 0
of the topic are given by Peyton f2). Dore (J) and
Iloigne et at() Alkaacs 10-2 10610109

The results of thene and othert invesugauons have 317t10
shown that the gready increased rein of oAu~voe of Carbosyke t o W 0-2O t o
waterbortie contamninants obtained with an LOP was
ahe result of the Poarcipsauoue Uf powerfui uxidw~ng Tal

SOLARCI!FM ENVIRONMENTAL SYSTEMS
SOLARCI4EM ENVIRON MENTAL SYSTEMS SOLARCHEM ENVIRONMENTAL SYSTEMS

130 Royal Crest Court 7320 Smoke Ranch Road, Suite 14
Markham, Ontario L3R OA I Las Vegas, Nevada. U.S.A. 89128

Telý (416) 477-9242 9 F~ax: (41f)0477-4111 Tel: (702) 2155-7055 Fait: (7021) 255-7230



POSTUJLATED DESTRUCTION MECHANISM FOR CHLOROFORM (6)

01 AH-
CHCL 3 + 0OH H20 + *CCL3 -4 CCL3O2- -. o CCL3 02 -

H f 2 0 2  -'H2O

HCL +*O +0 (-C0CK2j (COCL-Y

.1H120 1.120

HCL + C02 HCt + 0

Figure I

These radicals, once formed. aggressively itack a Getoff 161 for the mnineralization of chloroform is
waterbonie contaminant and initiate a typically ripid. presented in Figure (I).
oxidative cs:d of rewscons. which, In the case of a
hydrocarbon or an oxygenated hydfrocarbion. results From this repiesentation one can see that even in the
iulumately in C02 and H420. If the contaulinant is a relIatively sunple situiation where the contaminant
chlorinated organic compound. the mnineralization1 mtolecule contains only one carbon. there are sreveril
process will also result in the formauaion of chloride steps involved in mmermhizauoin.
(C',- ions.

An appreciation of the reason for the increasd rawe of
decontamination obitaisnable by enhanced oxiidaton ca Since the msaeralizatioa process is multistep
be obtained by reviewing the dama in Table 1. which involving isiermdUiaws. tM question of converting
lists the rate constant. It. fo th reaion Of 03 an one conssuime into another (and potentialy more
HO- with a number of different cWses of organic undesirable) contaminant sometimes irises.
compounds. These data show ftat the rate constant pariucuiyiny first, genetujon EOP systems.
for HO- atack on organic compounds is typically a ouwythsirmapobIl"wthecn
million (106) to a billion (109) times faster than oneruniace this Ssntem a Alroblug ih in ecoediae

moleclar zav-(unc~udogam ridah anes) caiu and awe produced. they
Mecanim o Mirrai~vinnare, under the couudasios prevailing in an enhanced

oxidationc rdurhmadynamwcailly uns&'ble with

There have li"e a number of inve tgations into th respect to C07 and H420. In other words the
details o( th chemistry involved in the ehanced diffesec is fiee ennery. 40. between any possible
oxidation process. The detailed, steip by step intermedial aod C02. H420 (and Cl-). is always
chemical pirocesses involved in the mineralization n. e

(i.e. conversion to C02. 1420 and Cli) of a x inElowfr.
counicumnst depends upon o( a number of factors Errse aErankr
such as the presence and concentratwon of other 40y2
organic aid inorganic species an the pH. Thus. thes Iemdm.M - ,C0,2.l Gi v
deradation pathway to C07, H420 anid C1* followed - C H2Cl 1Gi-e
by a give"t contaminant can VvaY f rom strew" to This. of comme. mean that given adequate contact
stream. depending upon the prevailing conditions inso.JL~Ai~naaswl hmevsb
each stream. However, the mechanism typiscally tie wllUrnivsb
involves seveuil vitein sin inm~dm nws.ee convene an C92. H20 (aod C1' if chlorine was
for relatively simplse systms such those containig a Poesn in do antoO.g "mnaint) The question
single, low mnoleculat *eight contamnienanL The thies ar~es a 49 wv am * typ"a lifetrime of the
reacoion siechansm proposed in a recent p~pe by intermedima *meies p a r P wide the prevailing



conditions found in a scond generation enhanced then tm lifeuime of the inttnediate w6uld be further
oxidation system like Rayox*..

Typically the lifeumes of many of the initeredjiats From the foregoing discussion. it can be seen that the
involved in an enhanced oxidation process would be concentration of any intermediates or by-pmducts that

very short, generally less ta a millisecond (lO-3s). might be formed as a result of the HO- attack on the
This is particularly tue of te radical sp4ies. many onginal compound. can be reduced to whatcver levels

of which would have a lifetime less than a desired by simply ensuring that the contact or

mic••=ond (lO6s) residence tic is sufficiently long to achieve the
target discharge criteria Y.at is us.ally observed in

The lifetime of any non-redical by-products or prac.ic, however, given the highly reactive nature of

intermiedia would be a function of t cncenrato the radia oxidizing specws generated in dte enhanced

of the various oxidizing species in soluuoa (e.g. oxidation procwss. is thai de contact u•ies needed to
HO-. HO2 -., 03 etc.) and the rae consta= for the Lrgdice the cohces¢ aim of &he iniiaL conrutnas to

reaction between the oxidant and the compound in sarisfartnly c ompeav . destruction oi any

question. Mathematically this can be expressed as;: S comp'xle s t.

% 2 kx" = (EUIRi})" As a result of this aca• compleia mminraization
(*destructioan) of any waterborne organic

wherm contaminanis. (he use of enhaaced oxidation for
x - lifetime of contaminant x groundwater remediaon means th• there As vuitually

new a secondary or downsa disposal or han"ing
kx= pseudo fust order rate constant for the decay of x problem.

ki rae constant for the raction between X ad , S. n flener~iun Enh%*nced Oxidation
radical oxidizing spacies Ri

(RI conCerao of iM radical oxidizing spece ,lhough enbancad oxidauon has been found to bt a
present (e.g. HO-) tighly effecuve method of renmediatiag a broad range

of conMnated rnwudwaae.mm earier emboint ments of
For example, even if the by poduct was reatively th t ychno!ogy have had limited success in cost
refractory such as a carboxyla acid (e.g. formic acid) effectively desuroyag several of tae ma refcory
then waterbonee coOLAMnants suCh as CCI4. CHCI3,

TCA. DCA. fixed cyanides Fron, em.tiOt , - 0 LoX 0g9Mole" 1- los

mole.s L M Ther for this elatively limited success is rooted
in the f= t ft rate consuant for HO- attack of

whee the following asstump aons have bew madec thee compounds is reaiively small. Examples of
some more re(araciy compounds ate given in Table

"• ki - 107L, (from Tale 1) 2.

REACTION RATE CONSTANTS OF HYDROXYL
" (HOI - steady state concentration of the hydroxyl RADICALS WTTH SELECTED REFRACTORY

rd COMPOUNDS

S(10m9 ates
L Compound k (L motle' ls)

" that dt HO. rndical is the only oxulam reacitsi CC14 1.5 x 106

wids the carboxylic acid q4ueSton CHC13 8.8 t 106

In the above exhanple. tfe comcenrauia o4 th TCA 7 x 106

carboxylic ac•d would decrtase by a farw; of ((/e) DCA 1.61 l0o
(-0.37) every lifetime, or every 10 sccond Itft Freao 113 -6 X O5
bypwduct reacted moan qucKly (i.e. had a Lur rate ,
coastantki) with the oxadant in solution, oc ite Tait 2
concentration ot te oxidiing species wre hblger.

•11 I Il I I II I II II II I II~ ll. . . III . .... . . II cI I UII1[ I III I I 5Y T M



From Table 2 -t cani be seen that V for the reation
of HO. with TCA is _ 107L mole* s- which is Daundbe TCA In TCA/TCE Mstuwv
approximately 10-2 that for TCE. Thus, all other Us Itays

things being equal. it would take 100 Limes thelos
contact time to achieve the same level of TCA
destrution Yz that neeed for TCL-

Th-s likely explais, in large measure. why first A

generation enhanced oxidation systems have hadItMm lo

limited success in achieving satiufactory rates of ii m  -
desutiction of these molre refiractolry compounds j'7)
i.e. these systems rely almost exclusively on radical V
(OH') driven demtuction. With RayoxsO.. howevert4-
the contact times required to treat refractories like 9 2 4 a
TICA ame typically only 3-5 times thaxt needed for-
TcF _ __ _

Figure 3

Destuctirln of Refractom C~ntinnnds wilh RULUS.

Figure (4) r 4e restift showing the reduction o(
To illusman the powerful decotarmination capabiity Freon from abso 100 ppb to less than 10 ppb.
of RayozO.. somne typical results for fte destruction_______________
of several refrmacy comnuninan are given below-

9 o Fr... 113
Fiure (2) shows the results rot the reduction of the UAs" It".
Chloroform frmm about 30 ppm to less than 0. 1 ppm.

CChirwou Deomcdes Udmt R&M. '

2 4 S 1 10

t FiSwe 4

P .0 - -For eah ofdi Aw exaples. even [ower disc harge

1 2 4 6 1 1 criteracoaMantbe wbie ieby simply increasing
the Rayozr. dw.

Figure 2 The tamw '4W is defined as the summation 4~

retmediung Ow n tmhe conmuniattd water such
F gume (3) gives %omve res'zlt for die reduction of the =i the amnoi e( Hg pewitide. or propnet.Iry
TCA concentration ftom about 2000 ppb t less than additives per m name of wmumstraed. This dose

5 ppb.is VInOM a ei =@L. hweva it should be noted
thaithde -k ,e m im di sho figwe have not
bee stummin od ~snile bm = that a unvt of
Rayon,9. do is a given Rpme is lnat necessarily
equ oal dme lii in aioo fqpw This ts bemause
the cost of d fan 60 lppbasim. pertilide.
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FigureS5

additives) i;; di~ffrens and the optimum conlituao patormance can be seen from the results shown in
of inputs vanes from net ype ofcotmntdsvi iu6A m cWremnteulsthdoxe
!0 the Other. rmiigatrads fL=i eco

Whtat the above results dounqioaldeosrt Sicdoeiprprinltcs.ita bsenht
is that Rayox can destroy even the most eefraciMx the operauonal costs involved with achieving the
waterborne contaminants and cnaheevruly dsh ocneaiaotie ih3ds nt
any discharge cuinau that mgtbe sea. -0.2 pp.x with rector 8 would be approximately

33% more with iz*CWo A (i.e. 4 dose tintis with A yj
Reas~ons for Rn"nx's& Saperior Performance 3 mUDIS With 83)

"* A System Design that allows (bir Variable, Mukii.
stag~e Treatment. mi9 mc= Of REACTOR DUICAN ON

DIOXAI4E REMOVAL
"* A Unique Rzactor Design Which Enhances Mans

awd Radiation Trawlfer. t

"* The Proprietay Solarchem Lamps. and

"* The ENOX Additives.

Figure (5) shows ihat . the basic Rayous* water
decontaminauoa system typically consists of a series
of annular rcaciar(s) complete with a lamp, a quartzp___
sleeve to protect the lamp, a transmittance controiller
to keep the qtaanzsleeve clean.a variable Woo 4
iannulus for wate flow, and a stainless steel outer IWP"%
wall. This design facilitates variable, multistep
treatment and efricient mass anid rAdiatiom transfer.
The important bearing reactor design has an Fge6A

5. S~~aO~ DVUIIE~TALSYSTEMiS



The Solazhem lamps are high intensity UV light
sources which have panicularly strong output in the M u c Otr DI OF O r4T SOLARCHEM
photo-active absorption bands of most. waLerbome L.wS ON DIOXANE REMOVAL
contaminants. Powers 100-200 times those
obtainable with low pousuwe mercury arcs. typical of D
first geneastioi enhanced oxidation systems. areI
attainale with the Solarchern Lamps.

This substantial enhancent in effective power with
the Solaithem lamps translates into smaller, simpler
Rayo,,*. systems for a given throughput capacity.
This, of course, becomes critically important for
larger throughputs. e.g. > 100 gpm. or for more p
refracutry contaminants such as TCA which require - - -

higher UV dosages.
1 1 2 3 4 5

The importan of the choice of UV tamp can be seen w•
by reviewing ihe resits given in Figuze (68). In this
figure. results are shown for the desruction of
waterborne dioxane as a function of dose using two Figure 68
different Solarchem lamps. These data show that the
cost of achieving a discharge concenianon of I ppm
with lamp B would be mughly 0 that for lamp A A step by zep reaction mechanism for the photo
with this paicular•compound. initiated duucron of waurtboroe CHC3 is given in

Generally then, it is importan to achieve a judicious Figure (7). As with 40- attack on CHC 13.

match between the lamp emission spectrum and the photoIysi ams in the formaton of a r-dical species

photo-active absorption bands of the target (-CHCI2) which is transformed via a multistep

contaminant(s), as this ca creat a significant new process in C, H70 and C1'.
contaminant desruction channel i.e. photolysis or
phoodecomposibon o( the conmmi.

POSTULATED PHOTOCHEMICAL DEGRAOTION MECHANISM OF
CHLOROFORm)

he 02 AHl
CHCL3 -- "CL + "CHCL2 -* CLZCH02C -. CL2•CA02

1H 20/2 .1H10

HCL + HCOOH CLCHO + HCL. + 'OH

., "OH/O0z 4.x-202

"OH/O2
CO 2  + H20 HCOOh

Figure 7

The final factor conmbusing w Rayouss. superior radical f•ii or tr" efficiency of radical
performance is the use of Solarchemns propnetary uvlizati
ENOX additives. These addi•ives enhance the ria of
contmannt destu1acuon by enhancing the fir8 o( The e:- y M in decontamrnio.Wn

efficieny afd by -wo EtOX can be ween from

• 6.- 80.UsOwtmu WAL sYsEi



the data in Figure (8). wherein the concentration of The chemical analysis in the work cited below were
benzene in water is plotted on a function of RayozO. usually performed by either the customer's in house
dose. From Figure (8). it can be seen that the use of Labomiory or by an independent. external laboratory
ENOX 510 results in a cost one quarter (114) of that hued by the customer. The analytical methodologies
required for UV/peroxide alone to achieve a f'al used were typically GC or GC/MS based with work
benzene concentration of I ppb from an initial value up and operating conditions tailored to the analysis
of about 9000 Ppp. being uadeiakca.

DetruCtos 4 SAnUG. ita BTX MiXOM
Dioxan is an excellent, water miscible organic
solvent. with a wide range of industrial applications.
Unfortunately past process wastewater management

-- vpractices i.e. lagoons have resulted in the
contamninatina of some groundwater aquifers. For\\ example, a Michigan manufacturer inadvertently

loa- contamnuated an aquifer beneath one of its facilities
, UVINI a UV1620i with up to 130 ppm of dioxaze.

S"TUh results shown in Figwe (10) demonstrate that
P discharge concentrations of <2 ppb (99.999+%
b destarction) arc readily achievable with Rayoxa..

a 20 40 G0 so

Diosma Dauw Usiol Raf tsp

Figure 8 * ieee ____. ._.

Groundwater Remediwtion Ugi ne Rnvo•K-,

Figure (9) shows a typical •ra.sporble Rayea o. .
unit. This unit is capable of processing up to 34 S
gpm with the actual treatment capacity being 0.1

dependent on factors such as influent cmmaP. jA * **, -,
concenturaions, alkalinity. discharge cnuxa. ei.. In
most of the customer situations described below, a N O.e...-
unit simdar to this was used to develop the pr'n 1 2 3
treatment appmah and r'nal system design.

---. "" .•'•m " ' F•a""O .........

.,o Fie 10

- eatequaho wae handling practices hmv resulted in
~~ J te cotamenawno Of soil as Well as the aquifers

under a magor PCB storage facility in Smithville.
~j j .j,~Onwie. The Ontario Ministry of fth Eavirinment
V ~wamnd to achieve if a dischiarge concciurmAuc of less

than 20 Mp (mnethod deaewao limit). The treatment
result showe in Figure (It) demonustrate that the

FsgWe 9



.. Sunnyvale. California. The contaminated
PC3 CtIOUNDWATtt IWMdMAtION groundwater aLso contains other chlorinated paraffins

and olefus be the c•stomer and thr consultant were
.... especially imerested in Rayox'sv. abiliy to

t decontasnam proundwater containing TCA at a
* concentrat of a few ppm. Although TCA is

refractory. the reý shown w Figure (13) clearly
demonsua i Rayrm's*. abdi, to destoy waterborne

0. TCA and acceve the design discharge chnea of less• j • .•"'., •. 51ppb.
S I S--",

M Due RIW OY&L Of TCA 1C4 CONTAMINAr"

GIOUNDWATER

Figure I1 - - -oo-o

C

The groundwater under a New Briunswick Department- - - - - -

of Trarnsport fueling station in New Brunswick had P
become contaminate over the yewrs with BE'IX. Ai 0

rduced trom about 80 ppm to I ppb. As benzene is
ate mou refractory o L3ET. a fr.racLoa., the other * 2 4 6 1 t f 2 I 16

contaminants (ETX) were reduced to even lower j
%WNW"e d I"T IN aftolgM in ftFigure 13

lowa 3"L al 4644 of

its,

*Grow*A maiom C wood treating firrm has PCP
U - - canumwumWd gromdwmu at one of its plants in New

-& .. fM, BrnMwick. Cada. The concetraion of the PC? tn
*08 the poauadw is abow 5 ppm and the discharge

criteria wa in at ress thm 10 ppb. The results
, ,Af .. em oShown in RCim (14) prove that this target was
p '." V es y ade wI'd

UROYVAL oW PIM4ACi1LOR0PHMO L M,•01ml Oeu CONTOWIATO IE•COIJOWM•t

. Figre 12

Another poin wowlA noting was that no owone was
used. s r no off ps with upe BETX to -I

treat. In son rwa generation enhanced oxidatuon P .1
systems. 03 is used as a HO sous e. with the rsult
ta a signlific.ant qu.•ot, of any vataule contanmat 4 .1 1 .......

*oll be ar stripped due to the large gas-liquid ratio I
involved with such systems. 0.66 .....

Trichl0 o1ha• C = 4

In Figure (13). results are shown for the des•muction .. ...... . .............. ...
of TCA in contaminated groundwater at a Saie in Fipw 14
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ENHANCED OXIDATION AND REDUCTION
TECHNOLOGIES FOR PHOTODEGRADATION OF

ORGANIC POLLUTANTS IN WASTE STREAMS

by

Ali Safarzadch-Arniri, Jaertes R. Bolton, J. Adele Buckley, and Stephen R. Cater

This paper was prescnted by J.R. Bolton. at the
Symposium on Emerging Technologies in l la.nrdhus attacks organic pollutants and initiates a cascade of
Waste Managemcnt. Atlanta. GA iai September. 1992 oxidative reactions leading to minerali7ation of the

organic pollutants. EOP systems have had good
AR RACx success in the treatment of waters containing

pollutants. such as aromatic and olefinic compounds.
The use of highly efficient UV lamps, effective lamp flowever, there are some pollutants that are difficult
cleaning apparatus and on-line control of the addition to treat, such as haloalkanes and certain aliphatic
of chemical additives are the characteristics of ketones. and some companies have experienced
Solarchem's Rayo:® process, which invclves the proces difficulties, such as fouling of the lamp
photolysis of 11202 anJ other additives to achieve sheaths and low UV light efficiency of lamps.
virtual destruction of organic pollutanLs in waste
streams. Industrial-scale treatment includes chemical Since 1989 Solarchem has been marketing their
process effluent and contaminated ground water. 6ltis enhanced axidation process (Raynx*) and now has
IUV-based treaunent procesc is also discussed in ternis over 30 full-scale industrial installations in North
of the mechanism, possible intermediates. and America. Europe and Australia treating a wide variety
ultimate product.. of waste streams, ;ncluding contaminated ground

water (e.g.. NDMA, B'IEX. 1,4-dioxane), industrial
There are some pollutants (e.g.. chloroform) dI1 are process water (e.g.. BTEX. chlorinated solvents.
refractory and treat very slowly with the conventinal explosives) and steam distillate from the regeneration
UV oxidaiion treatment. Recent'l Solarchem of GAC croumns (e.g. MEK and toluene).
introduced a new procesT (Rnyox' -R) that has
proved to be very effective ioi the removal of thies Over the past thfree year. Solarchem has carried out an
refractory pollutants. Examples of RaynO.- R exten."ve development program to bring on-stream
treatments are presentcd and mechianistic details emerging technology to improve its treatment
discu-.qed. approach, 11is has involved not only enhancements

of process dcpendability and efficiency, with the

INTRODUCTION introduction of imp-oved lamps, power supplies and
quarts lamp sleeve cleaning systems, but also the

Plitochemical (klgrakation ptxixesel Iealled 1 Emihmanced ability to treat refractory pollutants and pollutant

Oxidation Processes (EOP)I have almost exclusively mixturs wirti dxe introduction of new proccsses such

been based on nxidative renctions initiated by very s UV reduction (RaynE@.R[). In this paper we

reactive radicals, such as hydroxyl radicals (-011), outline this emerging IV treatment tcchmology with

which are ustially g,'neratel by the plhtiolysiq or exampLes of cact improvement. Solarchemn hai

hydrogen peroxide nr noc. The hydroxyl mlical patients istsue r applied for. covering these

devekiumnefts.

SOLARCHEM ENVIRONMENTAL SYSTEMS

130 Royal Crnt Court 7320 Smke Ranch Road, Suite H
Markham. Ontario L Vegas, Nevada, 89182
Canada L3 G0A1 USA
Telephone (416) 477-9242 Telophoe (702) 255-7059

- ... ..... a.- " 7qts.7"0



ENHAINCED OIDA I TION P.0C4.ESFEq photodegradation of a pollutant usually follows first.

order kinetics, this means that every decade i,

Enhanced Oxidation Processes (EOP also called reduction of pollutant concentration requires the same
Advanced Oxidation Proccsrcs (AOP)l 1'1 are capable time and hence the same amount of UV irradiation.
of converting pollutants in:. harmless chemicals. Titus the EE/O is defined as the electrical energy
They are called oxidation proce.ses because they rwquired to reduce the concentration of a pollutant by
promote reactions that bring about a neawly complete one order of magnitude in 100W US gallons (3785 L)
oxidation (or minera!ixation) of pollutants to yield of waoer. In favorable cases, the EE/O can be as low

HCO3 " H20 and 1i small amount of acid from any as 2-5: a large variety of pollutants treat with EE/O

halogens, nitrogen z: sulfur present. For example, values in the range 10-15: however, t1twre are some

2.4-dichlorophenol (C6f4OC 12) reacts according to pollutants (haloalkares, some aliphatic ketones, somen1troaromatic compounds) that are difficult to treat

C640C12 + 5 F120 + 6 02 -having EE/O values from 20 to over 100. The EE/O

8 i ÷+ + 6 I1C03 - + 2 Cl- may be calculated from the equation.2

In some cases the UV light is ab.orbcd directly by the P x 0/60) x 3785 (Ba•h
pollutant [e.g., N-nitrosodimcthylamine (NDMA)l ErtO Experiments)
leading to its oxidative degradation. However, in
most cases a UV absorber must be added to initiate V x log (Cilc]j
the mineralization reactions. The principal absorber
utilized have been hydrogen peroxide and ozone.
H202 undergoes the photolysis reaction P x I(XX) gallons (Flow through

EEO . Experiments)
ho) R x 60 x log (cilc)

11202 - 2 OI!

at wavelengths below -320 nin with a quantum yield Where P is the lamp power in (kW), i is the
of about 1.0 per -Oil radical generated. Since 11202 irradiation tnme (in minutes), V is the reactor volume
absorbs much more strongly at snorter wavelengths (in litues), R is the flow rawe (in gal min I), and ci
(<250 rim), this additive is particularly suited to the and are the initial and final concentraios over the
spectral output of Solrchem's UV lanips. irradhtion time. The EF-/O values are related to the

first order rate constan kg (nain -I) by•

Ozone also photoly7e; to evenfually yield -fOl

radicals: however, the efficiency is not as high as
with H20 2 , anl there is the added caipital cost of t 145.25 P
ozone generator. I lowever, dtcre are siuatinns where EtO -
ozone is the preferred additive, e"pecially where O.1 V x k
can react directly with the polltmant.

Osfe EEO val•e" can increase considerably with the
Once t0ey radicals are geneoatedc, from whatever presence of particulate matter and inhibitor and with
sAour-e, they readily attack nmbst organic polhltant., process conditions. siuch as flow rate. Some of these
Alipeltic cwmrmands reanc by hydroen atractin to factor are a(klrested in this paper. Many EOP and
yield water and an organic radical: arofatih and AOP resulths are now given in the literature and at
olefinic cnmpo¢ms react hy addition nf the - cotifern.acc., hut the lack of standard reporting
radical to double bonds. The resulting organic conlitionr makes crmtperimns difficult. We strongly
radicals then react rapidly with digtolved oxygen. nd recommend that a common evaluationm easwe, such
a sequence of largely antocatalytic spontantouss at EF, headopte.
oxidative reactions is initi'ited leading ultimately to
complete mineralization. PRuCa s IMPROVeM =NT"
The treatment rate for a given pollutant (or mixture of I . UV..M'Ps am_ Powe$ ks:
pollutants) can vary conciderahly. depending on the
pollutan comlioition. the turbidity of the water and M UV phicrradtin pnroesses otam with the
any inhibitors t:.at might he pre-ent. Thus
Solarchem has found it useful to introdce a *figure IlowvI, enm of UV light in the 200 " 300 UVm rnge.
of merit', called the Electrical Energy per Order lum|,e ha. aeergy efailie hf or er Un
(EE/O) to evaluate EOP. Since the rate of lamp have aon eoergy elffpiewy rlr Oly -h15%. encef-filratio wit nur hemp ,mploier. W~ have been
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able to improve this efficiency to over 301c. with a
substantial output below 240 fbi. where many pentachloro
pollutants absorb UV directly. As an example, 7 25 -peo

Figure I compr..rs the treatmecnt under identical E peo
conditions of pollutant concentration, flowrate and
temperature of I .4-dioxane, dichioromethiane, and
pentachiorphenol with Solarchem~s I kW lamnp and a c) 20-
commercial 450 W medium pressure- mercury lamip. en
As can be seen, the efficiency of Solarchem's lamp is
two to three time-, grenter than the standard
commercial lamp, even when allowance is mide for E
the different electrical powers. Raynuc® sysýtems use C4TO
these lampq in 5. 10 and 30 kW sizesq. Note akqo
that dichloromcthane trei s most slowly. This is. one 2 10 NOMA
or the refractory pollutaýs that we address in the
section on Ra3yoO®.R. Figure 2. showing UVY
absorption spectra of several typical pollcitani from 5
200-300 nm demonstates v-hy an effective FOP
treatment is enabled by a lamp with correctly placed
UV emissqion.0

200 220 240 260 280 300

wavelength/nm
o 14U~ow~wrtatFigure 2

O~otarchIN a hxtorpl eon .rpec~ra of sxeveral typ~ical1 organtic

0.1 Fnhtanced oxidation is an energy intensive- me~thod of
water treratmern. Use .)f an energy efficient power
%upply h;. positive consequences on the operating

0- .08 costs of commercial systems Fa-r this reason.
ýd Solarchem's developmental efforts on laimp power
Ui supplies have centered on achieving an excellent

0 .04 match between the inductive load represented by the
lamnp and the power supply (referred to in some
literalstre as the blat.Over 905) of the mailns

0.04 Power delivered by tife power supply is received by
the lamp. Power factor correction produces a power
fact-w better than 0.9. thus avoidiing a potential low
power factor sýurchlrge by the utility.

0 ~'2. U/V Reactor and 1ramnsmttanee Controller:
1,4-diox dlchloro- penta-

-ane mnethane chloro- The Ray*%* reactor has a single UV lamp -it the
phenol centerj. se ed fmm the water by a cylindrical quaztu

sleeve. A typical flow-through configuration for
three reactors is shown in Figure 3. The use of

rifture 1 imiltiple rreactors in series introduces the possibility
Compare sou of inversxe lFE10 values (1,wer rrio that each one can use a different EOP or UV reduction
means more effirient Irs atm.,,) for a rommerrial treatinelt .A furihme deacription of sonme applications
450W mediumt pressture /fir tamp aNd a I &W of this femwe is given in dse siona non Rayox-.R.
Solardwem lamp. ~'ith this type of reactor. fine control of addition oi

rengents.. inucluding between-reacto Injection. is-
canibld. hijection tale of reagents such as hydrogen
peroxiide or of ~rprolietimy additives is one key in

Page 3



obtaining optimum performance. A UV paiti length be grouped together in the same treatment train. For
appropeate to the Specific 3bsorbance characterisucs waters of very high 3bsorbance. mixing techniques
of the water is the ideal way to obtain maximum direct the water to the space immediately adjacent to
utilization of photons. Rayox" reactors. vtarying in the quani.
path length from about 3" to 8", can. when required,

UV RAYOX FLOW SCHEME

THRAE RVOX RE~aCT S

~ L=

FlIture 3
Flow through, configuration for a )-reactioe Rayer"O rytren. The untreated wrv-rs Wafer enter$ on the WIf and is

dischargedatr treztod watre on the ig~r.

Referrng again to Figure 3. note a vertical iuhe. off
center and just below each reactor. Thi% represents Figure 4 illustrates two qurav sleeves exposed to
the potenled cleaner (called transmiattnce controller) iron-containing groundwater. The one without the
for the quarty sleevo around the lamp. This device trantrmittance controller seveiely blccks the UiV after
consists of a c,)ncenu',c stain less wtel brush assembly lesi than 6 hours of treatmem. Figure 5 shows the
that ik automa~tically driven over the surface of the performance of a Raya%6 gtoondwater installation,
1uatz sleeve by a pnetmnaticaily driven impeller. running at 500 gpm. for 32 weeks. This was

possible only as a res.ult of the installaution of the
UV light catalyres the deposition of metal askde musni tfmuce controller on eacliretor.
coatinits on the quarts sleeve.3 kron-cofntumuiug
giroundwaters are a particular problem. Without the
trawiisrtlltanice controller, tretmentn effliciency may he
v",y good at first. butt deteriorate over a period of
weeks, moinths, at even days.

Page 4
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exceptionally hiph iron content of the water, i.e.. 100

3. Rayox'-ý rrocecss: ppm.

Rayox'i is the most mature of treatment proce-sse -c- i__
that Solarchem offers. In a typical flow through --

installation 5-100 gpmi or contaminated water is 10000
passed through 1-3 30) kW UV reactors. Hydrogen-
peroxide and other proprictary (ENOX) additives are
injected into the water before the first tractor, and in 10001 - TC E ____

some cases in-between reactors. Efficient mixing n -__

baffles assure that the UJV light reaches all pirt of C

the solution equally. 6 lo

Figure 7 illustrates thle application of Raynxe t)E
technology to a groundwater contaminated with- -

nitrosodintethylamine (NDNIA). In thir case, no - -__

additives are required as NDMA undergoes direct VC
photolysi% with an exceilent ER/O value of 2.5. As- a - -

result of local hydrogeology. the influent
concentration of NOMA spans at Icast one order of ......
magnitude. Typical treatment results -,how that tie 0 W0 20 30 40 -so
first oarder rate constant of the POP. i.e.. slope of the kWh per 1.000 US gat
graph. is independent of the initial concntAtion10. Fgr

Royer'* treatment of an industrial process water
cotiigV0 25MV pphi trichloroethylene (WCE).

t 1500 rph# 1.2-dichloroethlylette (DCE). and 900 ppb
Wonvinyl chloride (V.C) together with 100 rpm of irots.I . 20) Mmm Of 11202 war added at the begin ing.

loo EE loa 4. Fqrfit rf Poniculases:
, VýE (IMany waste streams ate loaded with pan~iculatei.

ranging fronm very fine rarticles (<l10 orn diameter) to
Io coarse particles (A10 om diameter). The suipended

/ solids- may absorb light and thus block photons from
iE' f. 2 initiating the photo -degr adation of the target

contaminants. fit addition, they can also: (a) change
the dielectric consan and the refractive index of the
solvent which cam change the quantum efficiency and

a 4 a t reaction rate contants:LI (hi react with hydroxy;
W411poor100 usqlfradicali and thus act as a sink for -011 radicaft* (c)
l~VdI ~)V 100 Uqalah-owfib hydrophobic pollutants. such as PCIIs and

PAlIlVs and: (d) scattrf light. The overll effect of slt
Figure 7 of these it the reduction of the ticatmeit ef ficiency.

No yes( If~qatutph af a groundwater
containing 3(M0 ppt of N -Miro to. We have stuiied the effects of suspended solids by
drrnethylamnine'(NlMA). lhit pwroess does not qpik Ing tspwaer with beitiovate. a natural clay. In
rrquire ainy addhrwir. some experivments, the bentontite was coated with

ferric hydroxide. The influence of thm teuqsrieded
Fivure R giveq all ewatiple of the 11V of Roal* n to soids on the destuction of chIfolwnritesi is shown
treat an industrial rrrCCess Water Containing V0(X_ In Figure 9. Hentonite do"' not absob thY light and
Ipuincipally Itichlorrnethylene (ICF). 1.2 tim's by itself half very little effect on the tveatment of
dicltlorfxthylene (DCEr) and vinyl chloride (VC)I. As chiorobenrene. Ilowever, the destrution rate of
we"n in thle figure all lhirr treat very we'll with FF1) ctllmobenrenve is reduced by almut a factor of two
values of -10. The ntransmitance controller is when bentoinie It coated with light abtwbin iron
particularly valuable in his- applicaticin becausie of the hydroxide froro, a solutiont tkat contained -10 Mmw

Fie



toRAYOX'

CL\l EE/O 411

10 --
L

CL a --

U ~(b)\
0.1Of' RAY X-R-

0.01 -(C

0 20 40 60 80 10012

kWh per 1000 US gal Figure 10
Cnpprparisomn f RayoxI and Rayox'.R in t/he
treaTIet iffn 21) rr" ri-hornfrrm in tapwvater.

We haur carrid out xmne mceclizinis: twomlics and have
it IkcIificit CC I hICC 1211 (QCA). CC I 2=CC I I l(TCE)
and CIICI =CIICI (D)CEai intelrnidiatei. On the

i:giore 9 li~iq of tiTii and other evidence we propoite the
Rayox* trremiten of 40 mm,, Chiorn entritne, (a) hdlnowingiflqeritauistn

withfnut iurrptfdeed Tnlidr: (10) !'Pe('lf ite (0"? o'")

added. (r) tame, fit (/P) bwit ith lit)( j'yii re-? 4 It fIll ll

5. R a y 17 T : C':,,, i - 4III -CiICi2 + CI*

Ai stated in the lmroitrtwtcfivi. ilwcrt ic -ýomct rcftmto gry

pol Iumintt drit (rcit ~iox l.y (F Fi) > 20) 2 ( 1 1(, * ~ l4 C lii 11CC
H alogenatued 31.almc. le R IuiIcthyletirflCCIorlc (I)~i(QCA)
Chl~orofo~rm. car Ix )o Ielr:K 1111w Id 1. 1.1 *ttichltlorntlimic
(TCA). I .1 .2.2-tcirichilorociliiie (oCA\), Frrc'ui-1 $I!'.NJ 4- (III¶('CCIIfI -4 CCIi ICCI21 14- C
(CFC 13). F-rcon-Ill (:rci27cr2CI). 1.2-
dibromneejiane (DRA). etc I erretetfI .i nvij'ir clai" 4~ 2 -(.CIIICCI2* I
refrrctorypn~umn'tt~. I lite-e coutuiponttmn ire (lit I ciiII C(iIl=CCI2 + C1i2CIC0i.11
to opidie 311 1111 01mi ti~iluI fir- ety to tedhtice. (.1 CF)

Over the p.,1tt year .SOIarChuefu 1131 tviittI1 AIMt e.41 Cl IITCIC1I -11

developed 11iti0R 3 new t)V ri-durtion ltrc~ C"eCI2l l
(patemnrt plied fr)~ ha:,cel noi Ilic lxiftlHoy~ttt o( FNO)XCiCIZI+C

710 to generafe lydrerired eferront -q novi of the 2*(titI -

rrttit rowerfiil rcttiauuiRtgriiiqo kisoiva (F." -2 -2, V) CIICI=CIICI 4- C112CIC112CI
ENOX 710 iq i Solthrmleu pofwictity a~,'klive. (I)CE)

rigiirc in comuup.,r file ittcluimfiI i(f LhIu'(ihmlrfil lit Tirwit of tltig nlech."lu,~m we find that II 1
si-ting Rmyoyuw (IV/i 2 f) 2 ) mild R:%yfs%*.lt. ivilli lwtulwhwed its irrJotivefeft amnounvit to that 4( chloride.
the latter 11(twilli a mic ill I,.wo I-. etiaci of tiver (hfi Ak~si %e me- atle to recover over 901,it( o the initial
I me't itrgmis~c dikirme .il inorgainc chloride.
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i. Ilte development of UV lamps which have an

Rayox*-R is a proccss ill which the hydreatcd electricat efficiency of over 30% for th
electrons progressively dcchalogenate lte target emission of UV light in the 200-300 nm
compound. We believe that tie ultimate products are range.
non-toxic non-halogcnatcd organic acids, such is
acetic acid and oxalic acid. 2. Design and implemcntation of power supplies

with over 90% efficiency in delivering
It is possible to treat scqucatially with Raynx*.R electrical power to the UV lamps.
and Rayox*. Figure 1I shows the treatment of a
mixture of I .l,li-tchlorocthane (TCA) and ioluctie. 3. Invcntiom of a patented transmittance controller
In the Rayox*-R phase tlie TCA disappears rapidly. for keeping the quartz. sleeve clean.
but the toluene hardly changes at all, Then in the
Rayox* phase, the toluene, plus any products front 4. Application of Rnyox' EOP technology to a
the treatment of the TCA, are removed. This variety of industrial process waters and
example demonstrates the versatility of the treatment containinated ground waters in over 30 full.
options available. scalc installations.

S. Study of the effect of pnrticulates on the

flAYOx-l nlAYOX efficiency of EOP treaunents.
6. Invention of a new and effective UV reduction

lCO tech".nology (Rayox'.R) for the treatment of
"refractory halogenated allk'e pollutants.
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TECHNICAL MEMORANDUM M(b)

PREPARED FOR: Davis RI/FS Report

PREPARED BY: Peter Rude/CH2M HILL, Redding
Gerald Vogt/CH2M HILL, Redding

DATE: September 9, 1993

SUBJECT: Groundwater End-Use Components
Davis Global Communications Site
Delivery Order No. 5055

PROJECT: SAC28722.55.13

Purpose and Scope

This technical memorandum develops and evaluates five potential end-use
components that would provide a beneficial use for treated groundwater from the
Davis Global Communications Site (Davis Site). A remedial action will be
implemented to contain the horizontal and vertical extent of the groundwater
contamination and to begin removal of the highest concentrations of groundwater
contamination. The remedial action consists of a groundwater extraction system, a
treatment system, and an end-use system. This technical memorandum provides
supplemental information for the Remedial Investigation/Feasibility Study (RI/FS).

The end-use system options include Wilson Park irrigation, Wallace Farms irrigation,
surface-water discharge to Putah Creek. onsite groundwater reinjection, and onsite
irrigation.

This technical memorandum presents the following design issues associated with all
five end-use components:

* Treated groundwater characteristics
* Site descriptions
* Water usage
* Storage and water distribution facilities
* Institutional issues
* Estimated capital costs

The following two issues were developed for the preferred end-use components
(groundwater reinjection and Wallace Farms irrigation):

* System operations
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* Estimated annual costs

In addition, the estimated capital and annual costs are presented for the groundwater
extraction system described in Appendix J, Groundwater Modeling (Microfem).

Treated Groundwater Characteristics and Flow Rates

The water supply for each of the end-use components is grouwiwater pumped from
below the site and treated onsite to remove volatile organic compounds (VOCs).
Other than the presence of VOCs, the groundwater characteristics are expected to be
the same as those being used for irrigated agriculture in the amea surrounding the
Davis Site.

The flow rates of the treated groundwater will vary depending on the extent of
groundwater contaminant removal. For this evaluation, two fl&w-rate scenarios were
developed:

Scenario No. I-Groundwater is pumped 12 mamhs per year at a rate
of 380 gallons per minute (gpm) from t'e B and C aquifers. This flow-
rate scenario is equivalent to approximately 610 acre-feet of water per
year, or 250 acre-feet November 1 through Marck 31, and 360 acre-feet
from April 1 through October 31.

Scenario No. 2-Groundwater is pumped 12 momhs per year at a rate
of 820 gpm from the B, C, D, and E aquifers. This flow-rate scenario is
equivalent to approximately 1,320 acre-feet of water per year, or 550
acre-feet November I through March 31, and 770 acre-feet April I
through October. 31.

The growing season in the area has been defined as April 1 thwough October 31.
These flow-rate scenarios provmde the basis for developing faciity requirements and
estimating capital costs.

End-Use Components

Option I -Wilson Park Irrigation

Site Description

Wilson Park is adjacent to the western border of the Davis Site. The park consists of
320 acres that was deeded from the Air Force to Yolo County i 1973. Appnvd-
mately 60 acres of the park have been leased to an archery ci* a horseshoe club,
and a dog training club. The remaining land is undeveloped gpxmaui,



Yolo County has developed a master plan for the park, which is presented in
Figure M(b)-l. As shown on the plan, the majority of the park (170 acres) will
remain in native grasslands and oak trees. One reason that the park has remained
largely undeveloped is due to the lack of a water supply for irrigation.

Water Usage

The land use categories, associated estimated acreages, and estimated water usage are
presented in Table M(b)-l. The water usage was developed following the Wilson
Park plan to drip irrigate oak tree seedlings during establishment only. In addition,
the water usage of 85 acre-feet of water for the ponds and lakes was assumed to be
evaporation losses, with no losses due to seepage. The park will require approxi-
mately 275 acre-feet of water for the 7-month growing season. This is equivalent to
an average daily flow rate of approximately 300 gpm.

Table M(b)-1
Estimated Water Use for Wilsom Park

From April to October

Area Estimated Water Usage
Land Use (acres) (acre-feet)

Turfgrass 15 45

Orchard Trees 30 65
Oak Trees 170 10

Archery Range 15 is

Lake and Ponds (IFV-poration) 25 85

Miscellaneous 55 55

Total 320 275

The water usage of 275 acre-feet can be supplied by both flow scenarios; however,
another reuse option would be required to use the remaining flow.

Water Distributione Facilties Required

The facilities required to provide treated groundwater to the north central border of
Wilson Park are listed in Table M(b)-2. The facility sizes do not vary between the
groundwater pumping scenarios because the demand is less than the supply. The
distribution pump was sized to deliver water at 5 pounds per square inch (psi). A low
delivery pressure was used assuming that the water would be discharged into a lake
or pond at the park and that the park would have its own irrigation pump. The dis-
tribution pipeline was sized to keep water velocities below 5 feet per second (fps).

In addition to the facilities listed in Table M(b)-2, the system would require telemetry
control from the treatment plant to the discharge point at Wilson Park. The tele-
metry is required for regulating the flow of water and automating pump operations.
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Figure M(b)-2 provides a conceptual layout of the major facilities required to provide
water to Wilson Park.

Table M(b)-2
Facilities Required at Wilson PuIt

Facilities No. I No. 2

1. Distribution Pump Station
Design Flow (gpm) 380 380
Total Dynamic Head (ft) 155 155
Delivery Prasurc (pi) 5 5
Motor Size (hp) 25 25

2. Distribution Pipeline
Diameter (in.) 6 6

Length (fi) 6,W00 6.000

Institutional Issues

One constraint against having Wilson Park as an end-use aption is that the park is
currently undeveloped. It may be several years before the park could use 275 acre-
feet of treated groundwater. The Yolo County Facilities and Administrative Services
has indicated that a readily available water supply would lidy speed up efforts to
develop the park.

A Report of Waste Discharge will be required by the Regional Water Quality Control
Board (RWQCB). The report will require the submittal of the project design infor-
mation and a location map. Once information is submitted to the RWQCB, a permit
should be issued within 6 months.

A user agreement should be developed and signed for the undstanding and protec-
tion of both McClellan Air Force Base (McClellan AFB) and Yolo County. The
agreement should include the following basic provisions:

* The length or term of the agreement
* The price of the treated water
* Conditions for termination for both parties
* Treated water quality guarantee
* Treated water use requirements
* Methods and limitations of delivery of treated vatr
* Mutual liability considerations
* Right of entry
* Other general considerations
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The level of management required by McClellan AFB to provide an irrigation supply
for Wilson Park would include regular maintenance of the onsite pump station. In
addition, periodic meetings with Yc!o County personnel may be appropri.--

Option 2-Wallace Farms Irrigation

Site Description

The area surrounding the Davis Site is predominantly used for irrigated agriculture.
Typical crops include alfalfa, corn, sugar beets, and tomatoes. Three farmers with a
total of approximately 1,200 acres of land adjacent to the Davis Site were contacted
to determine their interest in using treated groundwater for surface irrigation. Cur-
rently, ail three farmers obtain their irrigation water by pumping groundwater.

All of the farmers are interested in receiving treated groundwater if it could be deliv-
ered to the headworks of their respective irrigation systems. The proposed treated
groundwater flow ranges (380 to 820 gpm) are small in comparison with their normal
irrigation flow requirement (2,000 to 6,400 gpm). The farmers indicated that the
treated groundwater should be delivered at a uniform flow rate so they could regulate
their pumping to provide the appropriate total flow to their fields.

The Beltrami property, currently leased by Wallace Farms, was considered to be the
best option among the three farms. This parcel is adjacent to the eastern border of
the Davis Site and consists of nine fields, covenng 640 acres. The farm has a pump
station at the southwest corner of the property where groundwater is discharged into
onfarm canals for gravity distribution to the nine fields. Typical crops grown include
alfalfa, sugar beets, tomatoes, corn, with some safflower and grain.

Water Usage

The avernge water usage by Wallace Farms is approximately 1,280 acre-feet during
the 7-month growing season. TMe water usage assumes that the current crop rotation
Would continue for the future. During the 1992 growing season, approximately
40 percent of the !and was used to grow altalfa, with the remaining 60 percent in
annual crops of sugar beets, t'matoes, and corn.

As stated earlier, the flow (f treated groundwater will only serve a percentage of the
water required by Wa'!!;g: Farms, as irnda,'rted beiow:

:-knri, No. I -Would pr',ide approximately 2M percent of the water
reptts:d by Wallace Farms.

* .Srenario No. 2- Would provide approximately 60 percent of ý he water
required by Wallace Farms.
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From the farmers' perspective, the treated groundwater would be a supplemental
supply to their exsting groundwater supply.

/

Water Distribution Facilities Required

The facilities required to provide treated groundwater to the southeast comer of
Wallace Farms is shown in Table M(b)-3. The facility sizes vary with the associated
groundwater pumping scenario. The distribution pump was sized to deliver water at
5 psi. A low delivery pressure was used since the treated groundwater will be dis-
charged into the canal systems headworks for gravity distribution throughout the nine
fields. The distribution pipeline was sized to keep water velocities below 5 fps.

Table M(b)-3
Facilities Required for Supplemental Irrigation

at Wallace Farms

Groundwater Pumping

Scenarios

Facilities No. 1 No. 2

1. Distribution Pump Station
- Design Flow (gpm) 380 820

Total Dynamic Head (ft) 87 42
- Delivery Pressure (psi) 5 5

Motor Size (hp) 15 15

2. Distribution Pipeline
Diameter (in.) 6 10
Length (ft) 2,850 2,850

3. Discharge Structutre 1 1

In addition to the facilities listed in Table M(b)-3, the system would require telemetry
control from the treatment plant to the discharge point at Wallace Farms. This
system would allow Wallace Farms to have control over the flow of water. Figure
M(b)-2 provides a conceptual layout of the major facilities required to provide water
to the Wallace Farms irrigation site.

Institutional Issues

A Report of Waste Discharge will be required by the RWQCB. The report requires
the submittal of the project design information and a location map. Once information
is submitted to the RWQCB, a permit should be issued within 6 months.

Wallace Farms is willing to take the treated groundwater as soon as it is available. A
user agreement should be developed and signed for the understanding and protection
of both McClellan AFB and Wallace Farms as was descri'bed previously under
option 1.
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The level of management required by McClellan AFB for providing an irrigation
supply to Wallace Farms would be to perform regular maintenance on the onsite
pump station.

Option 3-Surface-Water Discharge to Putah Creek

Site Description

Putah Creek is an intermittent stream approximately 1 mile north of the Davis Site.
As shown in Figure M(b)-2, the creek is contained by levees on both sides. The flood
plain contained within the levees is approximatcly .2,000 feet wide, with a portion of
the flGod plain Under agricultural production. The stream channel is thick with brush
and additional riparian vegetation and trees. Although this option has the lowest
priority as a beneficial use of water, adding water to the creek may provide some
riparian habitat enhancement.

Water Usage

Putah Creek should be able to accommodate the relatively small flows from the
groundwater treatment facility. The treated groundwater quality would have to com-
ply with California's Inland Surface-Water Plan.

Water Distribution Facilities ReqAired

The facilities required to convey treated groundwater to an outfall at Putah Creek
along County Roads 35 and 104 are shown in Table M(b)-4. The facility sizes vary
with the associated groundwater pumping scenario. The distribution pump was sized
to deliver water at 5 psi. A low delivery pressure was used since the treated ground-
water will be discharged directly into Putah Creek. The distribution pipeline was
sized to keep water velocities below 5 fps. Figure M(b)-2 provides a conceptual lay-
out of the major facilities required to convey water to Putah Creek.

Institutional Issues

There are several permits that will be required for this option. A National Pollutint
Discharge Elimination System (NPDES) permit will bt required for direct discharge
into Putah Creek. This permit is issued by the Central Valley RWQCB in
Sacramento. The permit requires the submittal of a Report of Waste Discharge,
additional project design informiation, a location map, systems operation, and expec-
ted effluent concentrations. Once information is submitted to the RWQCB, a permit
'1hould he issued within 6 montfr..
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Table M(b)4
Facilities Required at Putah Creek

Groundwoer Pumping
Scemaio

Fac'lities N. I No. 2

1. Distribution Pump Station
Design Flow (gpm) 380 2S0
Total Dynamic Head (ft) 77 103
Delivery Pressure (psi) 5 5
Motor Size (hp) 15 30

2. Distribution Pipeline
Diameter (in.) 8 10
Length (ft) 13,100 13,100

Discharge Structure l I

To construct an outfall into Putah Creek, an Army Corp of Engineers (COE) permit
NW-12 Utility l.ne Backfill and Bedding will be required. This permit is issued by
the COE Sacramento District Office in Sacramento. The permit requires the sub-
mittal of the project plans. Once information is submitted to COE, a permit should
be issued within 2 to 4 weeks.

A California Fish and Game Stream Bed Alteration Agreement will also be required.
This permit is issued by the California Fish and Game Region 2 otfice in Rancho
Cordova. The permit requires the submittal of the project plans and a site visit with
the Yolo County game warden. Once information is submitted to California Fish and
Game, a permit should be issued within 4 weeks.

Tne level of management reciuired by McClellan AFB for discharging treated water to
Putah Creek would be to pe 4',orm periodic water quality analysis as required by the
NPDES permit, other permit requirements unforeseen at this time. and regular main-
ten'rnce of the onsite pump station.

Option 4-Groundwater Reinjection

Site Descriptiort

The. approximate locations of the four groundwater remnjectio wells are shown in
Figure M(b)-3. Each reinjection well should have the capacity to reinject up to
250 gpm into the D and E aquifers. The reinjection wells are located approximately
1,8(M feet south of the proposed treatment plant. The reinpection well locations are
assumed to he in an area in which the vadose zone and satwated z-me are not
contaminated.
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Reinjection Limitations

Physical. The amount of water that can be reinjected to the B, C, D, and E aquifers
is limited by the aquifer transmissivity and by the maximum height of acceptable
groundwater mounding. Preliminary results presented in Appendix J suggest that as
much as 250 gpm may be reinjected into the E aquifer and water levels within the
target area will increase less than 2 feet. If excessive pressures are applied to the
aquifer formation during reinjection, the physical stability of the reinjection well may
be compromised.

Geochemical. As discussed in Appendix J, the potential problem constituents for
reinjection are calcium, magnesium, silica, manganese, and iron. Treatment processes
tend to elevate the pH of the extracted groundwater, causing precipitation of metals
(iron and manganese) and calcium carbonate. A provision in the treatment process
should be made to accumulate any precipitates on a filter before reinjection into the
native groundwater. If the pH of the reinjected water is stabilized at-or near back.
ground levels (assumed to be 7.3 to 8.C); reaction between the reinjected and in situ
groundwater and between the reinjected groundwater and the aquifer mineralogy
should be minimized. The major ion chemistry of the in situ groundwater and the
treated water should be characterized before any reinjection occurs. Once the ion
chemistry is known, the precipitation reactions should be checked using a thermo-
dynamic equilibrium model. The equilibrium modeling will identify compounds that
have a tendency to precipitate under the proposed treatment processes and condi-
tions. Recommendations can then be made to identify corrective measures for poten-
tial problem precipitates.

Water Distribution Facilities Required

Table M(b)-5 lists the facilities required for reinjection. Approximately 3,600 feet of
pipeline will be required to convey the water from the treatment plant to the
reinjection wells. Four reinjection wells are proposed so that at least one can serve
as a backup to allow reinjection to continue during well maintenance periods. Pumps
may need to be installed in the reinjection wells to allow periodic backflushing. A
pump at the treatment plant will be required to deliver treated groundwater to the
reinjection wells at approximately 5 psi.

In addition to the facilities listed in Table M(b)-5, the system would require a telem-
etry control system linking the treatment plant pump to the reinjection wells. The
telemetry is requited for automating operations. Figure M(b)-3 provides a conceptual
layout of the major facilities required for the reinjection system. Figure M(b)-4 pro-
vides a reinjection well construction schematic. The actual depths of the screened
interval will be determined in the field.
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Table M(b)-.
Facilities Required for Groundwater Reijectiom

GroundwItei" ftPuin
Sceniri"

Facilities NO. 1 No. 2

1. Distribution Pump Station
- Design Flow (gpm) 380 820

Total Dynamic Head (ft) 110 50
- Delivery Pressure (p-il 5 5

Motor Size (hp) 15 15

2. Distribution Pipeline
- Diameter (in.) 6 10
. Length Jt) 3,600 3,600

3. Reinjection Wells
No. of Wells 3 4
Casing Diamezer (in.) 12 12
Total Depth (ft) 280 2 M

Institutional Issues

A Report of Waste Discharge will be required by the RWQ)CB for operating the end-
use system. The Environmental Protection Agency (EPA) may require a Class V
permit for groundwater reinjection. However, it is expected that EPA will not require
the permit and will designate the RWQCB as the permitting agency.

The RWQCB and the Department of Toxic Substances Control (DTSC) recommend
that for groundwater reinjection, the effluent concentration of inorganic constituents
be similar to background concentrations. A review of available water quality data was
performed and is summarized in Table M(b)-6. On the basis of the limited data, the
quality of the B aquifer is apparently similar to that of the C aquifer. As additional
data become available, it will be incorporated into the subsequent drafts of this
report.

The limited data show that the concentration of manganese is above the maximum
contaminant level (MCL) in the B and C aquifers. A previous groundwater quality
study observrd that wells within about 10 miles of the Sacramento River had manga-
nese concentrations ranging from 0.02 to 0.18 mg/l (Evenson, 1985). The secondary
MCL for manganese is 0.05 mg/i. Manganese concentrations in the Davis Site B and
C aquifers average 0.13 mg/l. with 8 of the 17 wells exceeding the secondary MCL

McClellan AFB would be responsible for the following operation activities: operating
and maintaining the conveyance line and reinjection wells, monitoring water levels
and pressures inside the wells, evaluating data, and coordMating with an offsite imiga-
tion operator (if necessary). The operation of the reinjection system may require
decisions and data evaluations throughout the year.
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Table M(b)4
Summary of Metals Concentrations in

B, C, and D Aquifers, July 199"

and E Aquifer, July 1993

B Aquifer C Aquifer D AqWIr E Aquifer
Average Average Avarqe Average

Concentration Concentration Conceamem ConceMntration
Analyte (rag/I)b (Magt]), (mg4)4 (m4)e

Aluminum -- . ND N

Antimony 0.11 0.05 O. --

Arsenic N.....

Barium 0.13 0.11 0.10 0.13

Beryllium -- -. -

Cadmium 0.0058 "" -

Calium 31 32 27 32

Chromium 0.023 0.012 0.011 0.012
Cotat O.008 0.028 - -

Copper .... 0.026

Iron 0063 6.3 -- 0.19

Lada -- 0.058

Magncsium 91)2 ,9 68

Manganev,; 0.13 ).14 0.J24 0009

Molytxlenum 0.012 0.)! 2 0.013

Nickel 023 1.7 0.42

Potaussum -- 12.7 3.7

Selenium - 0.079 0.10 .1t)32

Silver -- 0.36 -.

Sodium 126 109 801 38

Thallium ........

Vanadium 0.1112 0.013 0.014 0.018

Zinc 0.04 0.013 .(147 0. 0

'Radian, I192.
"bverag• based on data from 12 B aquifer wells.
cAverages based on data from seven C aquifer wells.
dAverages hacd on data from sevn D aquifer wells.

ilased on April 1993 data from Well MWE-1.
ND = Not Detected.



Option 5-Onsite Irrigation

Site Description

The proposed site for irrigation at the Davis Site consists of ,,pproximately 55 acres
on the north end of the site parallel to County Road 35, as shown in Figure M(b)-3.
The buildings shown in the northeast corner of Figure M(b)-3, formerly known as the
north repair area, have been removed since the photograph was taken. C'urrently.
this 55-acre parcel is the only large section of land on Zhe Davis Site that Is not (occu-
pied by buildings or communication antennas.

Information from the Yolo County Soil Survey (USDA-SCS, 1972) indicates that the
55-acre parcel consists of Brentwood silty clay loam and Marvin silty clay loam soils:
both soils are classified as agricultural soils. These soils are found on the irrigated
farmland adjacent to the Davis Site.

From 1968 through 1983. McClellan AFB had leased the Davis Site to prwate
ranchers for growing forage crops and grazing sheep. Sheep were allowed to graze
from November 1 through June 30. The full extent of using the Davis Site for agri-
cultural purposes is presented in Grazing and Cropland Management Plan for Davis
Communic:'ions Site, California (Cox and Schulze, 1984). Apparently, the lease was
not renewed beLause of excessive restrictions placed on the rancher.

Fk;r this end-use option, it is recommended that the 55 acres be planted in alfalfa and
grain sorghum crop rel-i(on. irrigated with "he treated groundwater through a sprink-
ler system, and harvested for hay. No Ivestock grazing should be permitted because
of possible soil compaction during irrigation.

Water Usage

The average water usage during a 7-month growing season for alfalfa or grain sor-
ghum on 55 acres would be approximately 2640 acre-feet assuming 70 perctent
irrigation effi:iency. The water usage assumes a repeated crop rotation that would
include growing altalfa for 5 years, followed by I year of grain sorghum.

I he water usage of 2N) acre-feet means that an additional end-use option is required
to meet the tretatid gtrountdwater supply for icenaxios No. I and No. 2. The vari~mvces
with each scenario are explained in the following paragraphs:

Scenario No. I -Approximately 250 acre-feet of water would he dis-
charged to another erd-use option fhorn November 1 through March
3L. The onsite irrigation system would apply 260 acre-feet during the
7-month growing season. The remaining I(M) acre-teet would be dis-
charged to another end-usc option.



Scenario No. 2-Approximately 550 acre-feet of water would be dis-
charged to another end-use option from November 1 through March 31.
The onsite irrigation system would apply 260 acre-feet during the sum-
mertime, with the remaining 510 acre-feet discharged to another end-
use option.

Storage ard Water Distribution Facilities Required

Three irrigation systems were evaluated: (1) surface irrigation as practited by adja-
cent farmers, (2) solid set sprinkler irrigation, and (3) side-roll sprinkler irrigation.
Surface irrigation was ruled out because of the relatively low flow of water available
in Scenario No. I and the extensive land grading and preparation required. Solid set
sprinkler irrigation was ruled out because of the management problems associated
with harvesting alfalfa between 30-inch-tall sprinkler risers on a 40-foot by 40-foot
spacing and the high capital cost. A side-roll irrigation sýstem was chosen because of
its current use by local farmers, low management requirements, and low capital costs.

Each side-roll irrigation system would consist of 64-inch-diameter wheels mounted on
5-inch-diameter aluminum lateral pipes, with the pipe serving as the axle of the
wheel. Rigid couplers permit the entire 1,280-foot-long lateral to be rolled forward
by applying power at the center while the pipe remains in a nearly straight line. The
sprinkler spaging and pipe lengths are 40 feet. The wheels are placed in the center of
each length of pipe. Thus, a standard 1,280-foot lateral contains 32 -,pe lengths, 32
sprinklers, and 36 wheels because 4 wheels are required for the drive unit. The drive
unit contains a gasoline engine and a transmission with a reverse gear (Jensen, 1983).

The facilities required for the onsite irrigation system are shown in Table M(b)-7.
The facility sizes do not vary with the associated groundwater pumping scenario since
the onsite irrigation system can only accommodate 250 gpm. Approximately 1,600
feet of pipeline will be required to convey water from the treatment plant to the
reservoir, as shown in Figure M(b)-3. A pump at the treatment plant will deliver
water to the reservoir at approximately 5 psi. The reservoir was sized to store
approximately 3 days of summertime flow (380 gpm). The 3-day storage margin
allows for potential shutdown due to maintenance reqirements of the treatment
plant, and to balance out the daily flows between the treatment plant and the irriga-
tion system.

The distribution pipeline was sized to keep water velocities below 5 fps. The irriga-
tion pump was sized to deliver water from the reservoir to the irrigation system at 60
psi. The side-roll irrigation system was sized to minimize ponding (i.e., to apply water
at 0.2 inch per hour, approximately the soil infiltration rate presented in Appendix
C(a)) and to meet the water requirements for the alfalfa. Because of the low applica-
tion rate, four 'side-rolls are required. Three side-rolls would deliver approximately
160 gpm each (5 gpm/sprinkler), and the fourth side-roll would deliver approximately
100 gpn.
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In addition to the facilities listed in Table M(b)-7, the system would require a telem-
etry control system linking the treatment plant pump to the reservoir level. The
telemetry is required for automating the pump operation. It is anticipated that the
treatment plant pump would operate 24 hours per day while the irrigation pump
would operate 16 hours per day. Figure M(b)-3 provides a conceptual layout of the
major facilities required to provide treated groundwater to the parcel.

Table M(b)-7
Facilities Required ror Onsite Irrigatio.

Groundwaftr Pumping

Facilities No. 1 No. 2

1. Distribution Pump Station
Design Flow (gpm) 380 _30
Total Dynamic Head (ft) 76 76
Delivery Pressure (psi) 5 5
Motor Siue (h• l 15L

2. Reservoir Conveysnce Pipeline
- Diameter (in.) 6 6
* Length (ft) 1.600 1.600

3. Onsite Reservoir
Capacity (ac-fl) 5 5

- Surface Area (ac) 05 0.5
- Maximum Water Depth (ft) 10 101

4. Irrigation Pump Station
Design Flow (gpm) 580 50
Total Dynamic Head (ft) !-, 175

1 Delivery Pressure (psi) 60) 6)
* Motor Size (hp) 4) 401

5. Irrigation Pipeline
- Diameter (in.) 8 8
- Length (ft) 1,350 1,350)

6. Side-Roil Irrigation Systems (4 units)
- Diameter (in.) 5 5
- Length (ft) - 3 units 1.80 1,280

Length (ft) - I unit 8N0 84X)

Institutional Issues

A Report of Waste Discharge vil Ie required by the RWOCI3. The report will
require submittal of the project design information and a location map. Once the
information is submitted to ihe RWQCB, a permit should be issued within 6 months.

A lease should be developed and signed for the understanding and protection of both
McClellan AFB and the farmer. The lease should include the following basic
provisions:
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* The length or term of the agreement
"• Conditions for termination for both parties
"* Treated water quality, quantity, and onsite storage capacity
"* Methods of treated water delivery and irrigation/disposal requirements
"• Mutual liability considerations
* Right of entry
"* Other general considerations

The level of management required by McClellan AFB to provide an onsite irrigation
supply for the farmer would include regular maintenance of the reservoir conveyance
pipeline, the reservoir, irrigation pump, site access, and fencing associated with the
55-acre parcel. The maintenance, management and power for the irrigation pump,
irrigation pipeline, the side-roll irrigation system, the 55-acre parcel, and the crop
would be the responsibility of the lessee. This management arrangement follows
typical agricultural lease arrangements in the area.

Estimated Capital Costs

An order-of-magnitude cost estimate was prepared for the groundwater extraction
system (presented in Appendix J) and each of the end-use components in accordance
with the guidelines of the American Association of Cost Engineers. This is an
approxinnate estimate made without detailed engineering data. The estimate was
founded on cost curves and preliminary estimated quantities of major facility compo-
nents. It is normally expected that an estimate of this type would be accurate within
+50 percent or -30 percent.

The cost estimates shown have been prepared for guidance in project evaluation and
implementation from the information available at the time of the estimate. The final
costs of the project and resulting feasibility will depend on actual labor and material
costs, competitive market conditions, actual site conditions, final project scope, imple-
mentation schedule, and other variable factors. As a result, the final project costs will
vary from the estimates presented here. Because of these factors, project feasibility,
benefit cost ratios, risks, and funding needs must be carefully reviewed prior to mak-
ing specific financial decisions or establishing project budgets to help ensure proper
project evaluation and adequate funding.

Pipeline costs were developed assuming polyvinyl chloride (PVC) pipe with an
installed cost of $4.50 per diameter-inch per foot. Reservoir costs were developed
assuming an unlined earth embatianent restrrvoir to be constructed with onsite exca.
vated materials for $7.50 per cubic yard. The side-roll irrigation system costs were
developed with an installed cost of $10,000 per unit, which includes 1,280 feet of 5-
inch aluminum lateral, 64-inch wheels, 30 Rainbird 30WSH sprinklers, and a driving
unit. The pump stations were developed using $1,500 per hp including any structures
and controls. Telemetry and discharge structures were a lump sum estimate
calculated from previous work experience costs. Extraction, monitoring, and
reinjection well costs were also calculated from previous work experience costs.
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The capital costs include several allowances and contingencies. A 15 percent con-
struction allowance was included to cover materials, labor, and equipment necessary
for construction items that could not be detailed at this level of study. A bid contin-
gency of 15 percent was included to provide for unforeseeable costs related to con-
struction activities. A scope contingency of 10 to 25 percent was included to address
uncertainties in the scope of some activities (e.g., the total number of reinjection
wells). In addition, allowances were included for permitting and legal (5 percent),
services during construction (10 percent), and engineering design costs (10 percent).

The estimated capital cost for the extraction system described in Appendix J is
approximately $95,000 for groundwater pumping Scenario No. 1 and approximately
$342,000 for groundwater pumping Scenario No. 2 as presented in Table M(b)-8.

Table M(b)-8
Estimated Capital Costs

for the Extraction System

Groundwater Pumping
Scenarios ($)

Facilities No. I No. 2

Extraction Wells Existing 100,000

Submersible Pumps Existing 5,000

Conveyance Pipeline 28.000 42,000

Monitoring Wells Existing 8,00
Telemetry 20,000 20,000

Subtotal 4&000 175,000

Construction Allowance (15 percent) 7,000 26,000

Bid'Contingency (15 percent) 7,000 26,000

Scope Contingency (25 percent) 12,000 44,000

Total Construction Cost 74,000 271,0
Ii i i i - -I I I

Permitting ana Legal (5 percent) 4,000 13,000
Services during Construction (10 percent) 8,000 27,0-
I -_i I I II L L IL I

Total Implementation Cost 86,000 311,000

Engineer Design (10 percent) 8,0001 31,000

Total Capital Cost L 95 100 342,000

The estimated capital costs for the five end-use components for two flow-rate
scenarios are presented in Table M(b)-9. The estimated capital costs for the
preferred end-use components, depending on the groundwater pumping scenano, vary
between $212,000 and $304,000 for the Wallace Farm irrigation system and between
$540,000 and $750,000 for the groundwater reinjection system. It should be noted
that the pipeline sizes in Scenario No. 2 can safely accorm.ndale of up to
1,000 gpm to account for possible future expansion of the cleanup efforts.

RDDIOOIt"2.wPs (D"ve RtMFs) M-35



Table M(b)-9
Estimated Capital Costs for End-Use Options

Capital Cost Per
Groundwater Pumping

Scenario (S)
End-Use
Option Facilities No. I No. 2

Wilson Park Distribution Pipeline 162,000 --

Pump Station 38,000 --

Telemetry 300,000 --

Subtotal 2.;,000

Construction Allowance (15 Percent) 35,000 --

Bid Contingency (15 Percent) 35,000 -.

S,-ope Contingency (10 Percent) 23,000 --

Total Construcltio Cast 323,000 ..

Permitting and Legal (5 Percent) 16,000 .-

Services During Construction (10 Percent) 32,000 --

Total Implementation Cost 371,000 -

Engineering Design (10 Percent) 37,000 --

Total Capital Cost 408,000 -

Wallace Farms Distribution Pipeline 77,000 128,000

Pump Station 23,000 23,000

Telemetry 10,000 10,000

Discharge Structure 10,000 10,000

Subtotal 120,000 171,000

Construction Allowance (15 Percent) 18,000 26,000

Bid Contingency (15 Percent) 18,000 26,000

Scope Contingency (10 Percent) 12,000 17,000

Total Consatiou Cost 168,000 240,000

Permitting and Lgal (5 Percent) 8,000 12,000

Services During Construction (l0 Percent) 17,000 24,000

Total loplemomdis Co•t 193,09P 276',0e

RDDIaO127t WPS (Dav AIWS) M-36



Table M(b)-9
Estimated Capital Costs for End-Use Options

Capital Cost Per
Groundwater Pumping

Scenario ($)
End-Use
Option Facilities No. I 1 No. 2

Wallace Farms (cont.) Engineering Design (10 Percent) 19,000 28,000
_ __ ___ _ I _ _ _

Total Capital Cost 212,000 304,00

Putah Creek Distrnbution Pipeline 472,0(X) 590,0(X)

Pump Station 23.000 45,0(M)

Discharge Structure 10.000 10,0R

Subtotal 505.000 645,000

Construction Allowaace (15 Percent) 75,000 97,0(0)

Bid Contingency (15 Percent) 75.0(X)O 97,M()

Scope G)ntineency (10 Percent) 50,000 64,M(X)

Total Constructiou Cost 705,000 903,000

Permitting and Lcgal (5 Percent) 35.0(X) 45,(X)M

Ser,'ces D'!ring Constriction (1t) Percent) 70,M() 90.0(XX)

STotal Inpliementation Cost 810,000 1,038,000

Engineering Design (10 Percent) 91,0MO) 104,(XX)

Total Capital Cost 891,()0 1,142,0040

Groundwater Reinjection Reinjection Pipeline 97,010) 162,(X)0

Pump Station 23,0o0 23,(X)1

Reinjection wells 126.0M0 168.000)

Telemetry 30.(X)O 30.0(X)

Subtotal 276,000 { 383,000

Construction Allowance (I15 Percent) 41.0() 57,0(M

Bid Contingency (15 Percent) 4 1.(X)• 57,t)0I

Scope CA)ntingency (25 Percent) 69,(XX) 960(1)

Total Construction "ot 427,000 593,000

Permitting and L.ga! (5 Percent) 210A) II(X)
Scrvices During Construction (!0 Perceit) 430(X) 59,0(0

Total Implementation Cost 491,000 682,000
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Table M(b)-9
Estimated Caw,4tal Costs for End-Use Options

Capital Cost Per
Groundwater Pumping

Scenario ($)
End-Use
Option Facilities No. I No. 2

Cro'rndwaer Rein~ection Engineering Design (10 Percent) 49,000 68,000
"(cont.)

Total Capital Cost 540,MOO 750,000

Onsite Irrigation Distribution Pump Station 23,000 --

Reservoir Conveyance Pioeline 43,000

Reservoir 75,000 --

Irrigation Pump Station 60,000 0 --

Telemetry 10,000

Irrigation Pipeline 49,000

Side-Roll Irrigation System 40,000 -

Subtotal M0.000 -

Construction Allowance (15 Percent) 45,000

Bid Contingency (15 Percent) 45,000

Scope Contiogeacy (10 Percent) 30.000

Total Construdcim Cost 420,000 -

Permitting and Legal (5 Percent) 21,000 --

Services During Construction (10 Percent) 42,&0=

Totol Implmenwtaoe Cost 4&',0W -

Engineering Des'gn (10 Percent) 48,000 --

Total Capital Cost 531,0W -
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Estimated Annual Costs

Estimated annual costs were developed for the extraction system. gruut~dwater rein-
jection, and discharge to Wallace Farms (see Table M(b)-10). Annual costs were
developed assuming an 8 percent interest rate, varying facility lives, and a remedial
action project life of 30 years. Also included were annual maintenance and repairs.
power for the pumps, anJ groundwater data evaluation for the extraction and
reinjection system.

Major facility lives were assumed to be all pipelines 40 years. distribution pump
30 years, all wells 30 years, discharge structures 30 years, ani teiemetry 30 years.
Facility lives were based on Jensen (1983) and project experience. The assumption of
a 30 year project life for the remedial action resulted in providing no replacement
costs for the major faciities described.

"Table M(b)-10
Estimated Annual Costs

Annual Cost ($)

Groundwamter Groundwater
Pum.ping Pumping

System Item Scenuio No. I Scenario No. 2

Groundwater Extraction Facility maintenance ard repair 500 %32(X)

Data evaluation 35.0(A) 35,)

Power for extraction pumps 6.2(x) 13,300
System annualized cost at 8 percent 6,A)O 23,M)0

Total Annual Cost 4o100 75,300

Groundwater Reinjection Facility maintenance and repair 41.900 55,20X
Data evaluation 10.t000 10010'I
Power for distribution pump I 2,F)O 2.2(X)

System annualized cost at 8 percent .3,N•f 46,8()

Total Annual Cost 9&500S• 114.200-....

Discharge to Wallace Facility maintenance and repair 3.{10) 3,3(X)
Farms Power for distribution pump 2,700 2,8(X)

System annualized cost at 8 percent 14,40D) 20,3(X)

Total Annual Cost 2i0 26,400

Annual maintenance and repairs were based on percentages of the total construction
cost as presented in Tables M(b)-8 and M(b)-9. These percentages, based on Jensen
(1983) and project experience, were assumed to be: pipeiWes 90.50 percent, pumps
5 percent, discharge structure 5 percent, extraction wells I percent. monitoring wells
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5 percent, reinjectien wells 20 percent, and telemetry 1 percent. Power for the
pumps was based on annual volumes and $0.06/kWh.

Groundwater data evaluation for the extraction system ws performed on the basis of
measuring water levels in 32 monitoring wells on a monthly basis and preparing quar-
terly summary reports. Groundwater data evaluation for the reinjection system was
performed on the basis of measuring water levels in the four reinjection wells on a
monthly basis and preparing quarterly summary reports.

Reinjection System Operation

The reinjection system will be used to reinject approximately 380 gpm or 820 gpm of
treated water during wintertime (November 1 through March 31) and as a backup
system during the summertime (April 1 through October 31). Each reinjection well is
designed to recharge up to 250 gpm into the D and E aquifers. A detailed descrip-
tion of how the reinjection system should be operated is shown in Figure M(b)-5. A
brief description of the system control and maintenance, monitoring, and data evalua-
tion activities is provided in the following paragraphs.

System Control and Maintenance

Water will be delivered to the reinjection wells at a pressure of approximately 5 psi.
The reinjection system should automatically shut off if the pressure in the well
exceeds atmospheric pressure. If atmospheric pressure is exceeded in the well, flow
must be diverted to the backup reinjection well or the system will shut down. A data
evaluation should be performed to determinc if reinjection is limited by physical or
geochemicai causes. Well rehabilitation or treatment adjustments may be required.

McClellan AFB will be responsible for maintaining the reinjection pipeline. In addi-
tion, the reinjection wells should be backflushed periodicaly to minimize well clog-
ging. Possible constraints that would affect the operation of the reinjection system
include;

* Aquifer clogging
* Backflushing requirements
* Water quality requirements
• Bacterial growth in well

Monitoring

The water levels in the reinjection wells should be measured monthly to characterize
the magnitude and extent of mounding. The pressure inside the reinjection wells will
be measured continuously as discussed above.
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Data Evaluation

Data evaluation requirements will be fairly minimal when the reinjection system is
operating. Data evaluation will mainly be required if reinjection causes unacceptable
mounding or if the well or aquifer becomes clogged. The detailed schematic diagram
of the reinjection system operation presented in Figure M(b)-5 shows where data
evaluation may be required.

Reinjection and Irrigation Systems Operation

The operation of the reinjection and irrigation systems in conjunction with treatment
plant flows will be determined by the seasonal flow variations and the flow capacity of
each system. During the summertime, priority will be given to Wallace Farms to
handle the treated groundwater flow. The farmer should receive priority over the
reinjection system in the summer because of the crop water demand. During the
wintertime, priority will be given to the reinjection system to handle the treated
groundwater flow.

Figure M(b)-6 presents an operations schematic for both systems. In general, the
reinjection system should be operated as described earlier, except that it will act as a
backup to the irrigation system in the summertime. The irrigation system should be
operated as described below.

Irrigation System Operation

During normal operations, the treatment plant flow of approximately 380 gpm
(Scenario No. 1) or 820 gpm (Scenario No. 2) would be sent to Wallace YFafms
between April 1 and October 31. -

During the growing season, there are several cases where the farmer would not be
able to apply water through the irrigation system, and the treated groundwater would
have to be directed to the reinjection wells. These cases would include when the crop
is not planted, when there is excessive soil moisture where water runoff occurs, and
when the irrigation system is inoperable. It is anticipated that these cases may occur
in the early spring or late fall when precipitation occurs& During normal operation,
the water priority should be given to the farmer during the 7-month growing season,
with any extra flow going to the reinjection wells.

It is expected that Wallace Farm personnel and the Davis Site personnel will be in
contact with each other concerning irrigation startup, treatment plant flow, and
handling any problems that may occur.

The quality of the treatment plant effluent will be monitored prior to discharge to the
reservoir. Therefore, it is not anticipated that any water quality monitoring would
have to be conducted at the irrigation site.

RDDM129.WPS (Dvis RIF) M-41



ua

Qz

d 
-

:•,.~0 2•. =

(.;o

. . .tI4a:9



L

SNovembE

REINJECT N

I Measure water levels i
Reinjection We%.-,

YesR
N"o < Pressure in a

wels >ATM?

No

Corduct Data Divert flow to other p
Evaluation Ycs fieinpction elw(t.__ _ __ __ _ __ __ _

Physical No . GeCchemical So
"Parameters? Parameters? -

-- ,, ,Stop7•

SYes NIOI NoArrani

Rehathilitate o
Well J Adjust Treatment or

R•hbihtale Well Begin

Yes R!iniuctioný Yes R

_______--wells Rleady? Im

Stop Treatment Untl
eiriplctliowi Wlls or NO

Irrmp;ition Availabtle __
It(,r)141? ?' IAIII

,ik',.',IJ



November 1 - March 31 Aprit 1 -October 31

Arrange Irrigragatoo

syGUREm
available?

Yes~~~N Renjcio O e
vAI iLBl< eiCLie 

AioA

availabOle?



4Th

)er 31

11

es

Dn No

es

f Yes ,

lo

problem] jitor as in
.ion

FIGURE M(b)-6
OPERATION SCHEMATIC FOR REINJECTIO#
AND OFFSITE IRRIGATION SYSTEMS
DAVIS GLOBAL COMMUNICATIONS SITE
McCLELLAN AIR FORCE BASE
YOLO COUNTY, CALIFORNIA

~e 08* 8 4 *



Conclusions and Recommendations

An end-use system that combines onsite groundwater reinjection and discharge to
Wallace Farms appears to be the best system in terms of beneficial use. institutional
is-ues, management, and costs.
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TECHNICAL MEMORANDUM N " MHtLL

PRE"ARED FOR: Davis RI/FS Report

PREPARED BY: Jim Stefanoff/CH2M HILL, Redding

DATE. September 9, 1993

SUBJECT: Natural Biological Groundwater Attenuation
Davis Global Communications Site
Delivery Order No. 5055

PROJECT: SAC2S722.55.18

Purpose and Scope

The Davis Global Communication Site (Davis Site) groundwater data were reviewed
for evaluation of natural biological attenuation of chlorinated aliphatic compounds.
This was done because biological attenuation can be a significant process for either
chlorinated aliphatic compound destruction or transformation into other, potentially
more toxic, compounds. The purpose of this technical memorandum is to present the
findings of the evaluation. The objectives of this evaluation are as foullows:

Evaluate if biological attenuation of chlorinated aliphatic compounds is
occurring in groundwater at the site

Identify data needs required for further evaluation of biological attenua-
tion of chlorinated aliphatic compounds

Background

Groundwater Contaminants

The main groundwater contaminants are tetrachloroetheue (PCE), trichioroethene
(TCE), trans- 1,2-dichloroethene (t-1,2-DCE), cis-1,2-di-doroethene (c- 1,2-DCE),
1,1-dichloroethene (1,]-DCE), 1,1-dicholorethane (1,I-DCA), and vinyl chloride
(VCL). Chloroform, methylene chloride, and toluene have also been detected at low
levels (single digit ppb levels or less), but not routinely.

The history of the contamination is not well documented. However, it is thought that
spent solvents may have been used along the fence line to control weeds. This area is
located north and east of Monitoring Well MW-5. Figure N-I is a site map that
shows well locations, the fence line, and a site schematic.
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Historical contaminant concentrations for MW-1, MW-2. MW-3, MW-5, and MW-7
are showni as Figures N-2 through N-6. Two plots for each well are shown. One plot
shows all of the contaminants, and the other plot uses a smaller scale for the ordinate
to better present the wells with low concentrations.

Groundwater Movement

The horizontal groundwater movement below the site is thought to be generally
towards the south. The groundwater falls and rises about 50 feet once each year
because of regional pumping and then recharge. Figure N-7 shows the groundwater
elevation measurements collected since 1990 at MW-5.

Biotransformation Processes

Microbial biological processes can transform chlorinated aliphatic compounds into
other compounds. This can result in either complete mineralization of the compound
to carbon dioxide and water, uptake and incorporation into the microorganisms as cell
material, production of metabolic end products (cell wastes), or reduction to other
chlorinated compounds. The term "biotransformation" refers to the biological pro-
cesses that lead to any of these fates. In general, there are two major categories of
biotransformation processes for chlorinated aliphatic compounds such as those found
in the groundwater at the Davis Site. These are anaerobic dehalogenation and
aerobic oxidation.

Anaerobic Dehalogenation

Anaerobic dehalogenation is the process of removing halogens from halogenated
compounds by replacing them with hydrogens under anaerobic conditions. Since this
reaction is a reduction. an electron donor is necessary. Electron donors ,an be a
reduced organic compound or decaying cell material (Rittman et al.. 1988). Electrons
are transferred from the donor to an electron-transfer mediator, which then transfers
the electrons to the halogenated acceptor.

When the electron and an accompanying hydrogen ion are accepted by the halo-
genated molecule, a halogen ion is released (such as a chloride ion). For example,
removal of a chloride ion from PCE will result in TCE, removal of a chloride ion
from TCE will result in DCE. removal of a chloride ion from DCE will result in VCL,
and removal of the final chloride ion will result in ethene, which can be further
reduced to cthane. These products of dehalogenation are known as daughter
products. The daughter products generated by reductive dehalogenation of PCE have
been identified as TCE, DCF VCL, DCA, chloroethane, and both ethene and ethane
(Beeman et al., 1993). Therefore, anaerobic dehalogenation has been shown capable
of biotransforming all of the principle groundwater contaminants present in the
groundwater at the Davis Site.
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Aerobic Oxidation

Aerobic oxidation of chlorinated aliphatic compounds requires a primary carbon
source (electron donor), an electron acceptor (molecular oxygen), and certain
monoxygenase or dioxygenase enzymes. Production of these nonspecific enzymes is
induced by the presence of certain organic compounds referred to as primary sub-
strates, but they fortuitously oxidize the chlorinated aliphatics such as TCE. This
process is known as cometabolism. Primary substrates known to induce production of
oxygenase enzymes are toluene, ethyl benzene, phenol. methane, propane, and
ammonia (Folsom, 1992). Cometabolism has been shown capable of biotransforming
all of the main contaminants present in the groundwater at the Davis Site except for
PCE. Unlike anaerobic dehalogenation, the cometabolism of a chlorinated aliphatic
compound does not result in specific reduced daughter products such as other
chlorinated aliphatics. Daughter products are produced. but they are generally
thought to be nonhazardous and are typically not measured.

Required Conditions for Biotransformation

Knowing the conditions required for Niotransformation of chlorinated organic com-
pounds assists in determining if the process is occurring at a site. For example, a
decrease in TCE concentration over time measured at a monitoring well may not be
caused by biotransformation, but to movement of the TCE away from the weUl
location by groundwater flow. Conversely. biotransformation could be occurring in
the vicinity of a monitoring well that does not show change in contaminant levels over
time, because of continual addition of new contaminant mass at the Name rate as it is
being transformed.

Since cometabolism requires a primary substrate enzyme induction. absence of the
inducer indicates low likelihood of cometabolism occurring. Even if an inducer is
present, the specific microorganisms capable of cometwbolism must also be present
for the process to occur. Molecular oxygen must also be present as an electron
acceptor. The essential elements of inducer, capable organisms. and molecular
oxygen must be present at a site for cometabolism of chlorinated aliphatic compounds
to occur.

The essential elements required for anaerobic transformation of chlorinated aliphatic
compounds are capable organisms, an electron donor, an electron acceptor, and
reducing conditions (absence of molecular oxygen).

Approach

The site data were evaluated for indications of either cometabolism or anaerobic
dehalogenation of the site contaminants. The data were analyzed for presence of
cometabolism inducer compounds, presence of a primary carbon source, and for sig.
nificant changes in concentrations oif anaerobic transformation daughter products.
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Also, Figures N-2 through N-6 were used to evaluate changes in concentrations of site
contaminants over time that may be caused by biotransformation.

Interpretation

Cometabolism

Little data exist to assess whether the essential cometabolic elements of inducer com-
pound, cometaboic capable organisms, and molecular oxygen are present in the
groundwater. However, because of the cyclical rising and falling pattern of the
groundwater, it is possible that this action acts like a pump to draw air through the
vadose zone to the upper portion of the groundwater.

The only inducer compound detected in the groundwater is toluene. The highest
concentration detected is 23 gg/1 in MWD-10. However, it does not appear to be
widespread in the groundwater. Phenol and ethyl benzene have been analyzed for
but have never been detected. The groundwater has not been analyzed for methane,
propane, or ammonia. Although it is apparent that concentrations of the chlorinated
organic compounds have decreased with time at many of the monitoring wells
(Figures N-2 through N-6), it is uncertain if these reductions are due to cometabolism
or other mechanisms. However, it is unlikely that cometabolism plays a significant
role.

It is unlikely that cometabolism accounts for a significant portion of the decreases
shown by the concentration versus time plots for two reasons. The first is that a
relatively large amount of inducer compound compared to chlorinated organic com-
pound is required for cometabolism, and there is no evidence that this much inducer.
is present. Studies using indigenous methanotrophic bacteria have shown that- 100 to
300 grams of methane is required to cometabolize 1 gram of TCE; adid that cometab-
olism of 0.2 to 1 gram of TCE requires 2 grams of phenol using the bacterium
Pseudomonas cepacia strain G4, or 4 to 8 grams of toluene using Pseudomonas
mendocina (Ensley, 1992). The second reason is that PCE decreases at approximately
the same rate as TCE in many of the plots. Since cometabolism has not been shown
capable of biotransformation of PCE, it is unlikely that these decreases are caused by
cometabolism.

Anaerobic Dehalogenation

Little data exist to assess if the essential elements to support anaerobic dehaloge-
nation are present. Though no direct microbial evidence is available, it is likely that
capable organisms are present, since organisms capable of anaerobic dehalogenation
are fairly common. No ethene or ethane data are available to discern the presence of
these potential daughter products.
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Although diesel is not a widespread contaminant, it has been detected in MW-1,
MW-3, and MW-7 at low levels (85 iLg/l, 67 ±gil, and 93 lig/l, respectively). Diesel
constituents could provide electron donors.

Evaluation of the contaminant concentration versus time curves resulted in some
interesting observations regarding potential daughter products. MW-5 is thought tc
be located near the area that solvents may have been used to control weeds. Figure
N-5 shows that since 1988, PCE, 1,1-DCE, and TCE have been the major
groundwater contaminants and that each has decreased with time. It is unlikely that
this decrease is caused by anaerobic dehalogenation since neither VCL nor t-1,2-DCE
has been detected.

VCL and t-l,2-DCE have been detected in wells downgradient (south) of MW-5.
These compounds are detected fairly consistently in MW-1, MW-3, and MW-7. In
MW-2, t-1,2-DCE has been detected, but VCL has not been detected.

Figure N-2 depicts the MW-I data and shows relatively large concentrations of
t-1,2-DCE and VCL with the highest concentrations occurring in 1988 followed by a
downward trend. Figure N-4 shows the MW-3 data. These data are especially
interesting. In 1988, t-1,2-DCE is at its highest concentration, and it decreases to a
nondetectable level by 1991, when VCL begins to increase in concentration. Figure
N-6 presents data for MW-7 and shows TCE and PCE concentrations remaining
relatively constant since 1988, and then a slight amount of VCL being detected in
1992.

These findings are interesting because of the apparent lack of primary substrate in
the groundwater in the vicinity of these wells. Analysis of the groundwater in these
wells for total organic carbon (TOC) or chemical oxygen demand (COD) would help
to determine if sufficient electron donor compounds are present to account for these
observations.

In the vicinity of soil gas Monitoring Well CH-5, which is located between MW-1 and
MW-3 and upgradient from MW-2 and MW-7, underground diesel storage tanks
jeaked and contaminated the vadose zone soils with diesel. The approximate area of
vadose zone diesel contamination is indicated in Figure N-1. In 1988, the soil adja-
cent to the tanks was excavated. However, the excavation did not remove all of the
contaminated soil. Diesel has been measured to a depth of 70 feet.

Analysis of soil gas samples taken from soil gas monitoring well CH-5 has shown 0
percent oxygen, 10 percent carbon dioxide, and 2 percent methane. These results
indicate anaerobic conditions. In addition, CH-5 is the only soil gas well where VCL
has been detected. It was detected at 510 parts per billion by volume (ppbv). It is
possible that the VCL is a daughter product of anaerobic dehalogenation of PCF,
TCE, or DCE.

The groundwater in this area falls from 40 feet to 70 feet below ground surface from
February to June because of regional pumping, and then climbs back up because of
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recharge. It is possible that as the water moves up, VCL in the vadose zone is
encountered, causing a portion of it to dissolve and to be transported laterally by
horizontal groundwater movement. Diesel constituents could also be dissolved by the
rising groundwater, which could provide electron donors to support anaerobic
dehalogenation in the groundwater. The VCL detected in groundwater Monitoring
Wells MW-1, MW-3, and MW-7, may be a result of these two mechanisms.

Conclusions and Recommendations

Conclusions

The following conclusions are made regarding natural biological attenuation of chlori-
nated organic compound in groundwater at the Davis Site.

Insufficient data are available to make a thorough evaluation of the
extent of biotransformation at the site.

It is unlikely that cometabolism accounts for a significant portion of the
decreases shown by the concentration versus time plots.

Anaerobic dehalogenation may be occurring in the vicinity of soil gas
Monitoring Well CH-5. This process may be a source of VCL to the
groundwater.

Recommendations

To further evaluate the site for biotransformation of chlorinated organic compounds,
it is recommended that the groundwater and soil gas sampling schemes be modified
to look for indications of cometabolism or anaerobic dehalogenation processes.
Measurement of dissolved oxygen would help to discern the oxidative state of the
groundwater. Analyses of the site groundwater for inducer compounds would provide
valuable information to more thoroughly assess if cornetabohsm is occurring, and
analyses of the site groundwater for COD or TOC would help to identify areas that
may have sufficient electron donor compounds to support anaerobic dehalogenation.
Analysis of the groundwater from Monitoring Wells MW-I, MW-3, and MW-7 and
the soil gas from soil gas Monitoring Well CH-5, for ethene and ethane, may help
determine if VCL is being deh3logenated.

The bioventing demonstration project that is planned for the area near soil gas Moni-
toting Well CH-5 should be evaluated for its impact on the anaerobic dehalogenation
process apparently occurring at that location. Introduction of oxygen to the subsur-
face will inhibit the anaerobic dehalogenation process and therefore would inhibit
VCL production. Methanotrophic bacteria that may be present could potentially use
the methane generated during the previous anaerobic cunditions for cometabolism of
the TCE, DCE, and VCL However, if VCL is currently being dehalogenated to
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ethene or ethane, then introduction of oxygen may be detrimental since PCE dehalog-
enation would cease.
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TECHNICAL MEMORANDUM 0 CM HILL

PREPARED FOR: Davis RI/FS Report

PREPARED BY: Jim Hartley/CH2M HILL. Sacramento

Alex Rafalovich/CH2M HILL, Redding

DATE: September 9, 1993

SUBJECT: Dual-Phase Extraction
Davis Global Communications Site
Delivery Order No. 5055

PROJECT: SAC28722.55.13

Purpose and Scope

Dual-phase extraction has been proposed as a method of removing volatile contami-
nantc that may be present in fine-grained soil within a zone of seasonal water table
fluctuation at the Davis Global Communications Site (Davis Site). This zone of fine-
grained soil occurs from a depth of approximately 40 feet to approximately 70 feet
below ground surface (bgs) and consists predominately of silty lean to fat clays. As
described in Chapter 3 of the Remedial Invesiigation/Feasibility Study (RI/FS) report,
the fluctuation occurs as a result of regional pumping in the summer, countered by
seasonal recharge in the winter. In this appendix, this zone is referred to as the
intermittent capillary zone.

This technical memorandum is designed to provide the reader with increased under-
standing about how a dual-phase extraction system mighý be designed to remove soil
vapor and groundwater contaminants from this intermittent capillary zone. This tech-
nical memorandum also identifies additional fieldwork needed before a dual-phase
system can be designed for the Davis Site. Recommendations are made regarding:
(1) soil gas sampling that needs to be done to better define the extent of contamina-
tion in the intermittent capillary zone and (2) procedures for a small scale pilot test
study designed to estimate the air flow rates achievable from a dual-phase system.

Objectives or Dual-Phase Extraction

The primary objective of the dual-phase extraction system is to remove volatile
organic co-npounds (VOCs) from the intermittent capillary zone to a point at which
they are no longer a significant source of groundwater contamination. To accomplish
this objective, the dual-phase system needs to achieve the following:
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* Removal of mineral- and organic-phase sorbed contaminants that repre-
sent a long-term source of contaminants to the underlying groundwater

0 Removal of vapor-phase contaminants that are actively migrating
toward groundwater, in response to diffusional and advective gradients

0 Removal of contaminants present in solution in the pore water, to inter-
cept the contaminants that might be drawn toward the groundwater in
this phase

o Removal of nonaqueous pure-phase contaminants that reside in the soil
matrix

Subsurface Conditions

The soil in the intermittent capillary zone is described as a massive silty and sandy
clay, moist, with some mineral accretions. No data on measured physical properties
or contaminant presence and concentration have been collected to date, but evalua-
tion of contaminant data above and below the zone of seasonal water table fluctua-
tion suggest that VOCs have been and may still be present (refer to Chapter 4 of the
RI/FS report).

Dual-Phase Extraction System Description

Dual-phase extraction consists of the simultaneous removal of soil gas and water from
a single well screened at or above the water table. Dual-phase pumping can be
accomplished using a downhole submersible pump and an aboveground vacuum
source, or a single aboveground high vacuum source configured to remove both water
and soil gas. The system described in this technical memorandum consists of a down-
hole submersible pump to remove contaminated groundwater and an aboveground
high vacuum liquid ring blower designed to remove contamination from the vadose
zone. An illustration of the major components of this system is presented in
Figure 0-1.
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The dual-phase system option shown in Figure 0-1 was selected as the best one for
the Davis Site because of the generally fine-grained nature of the intermittent capil-
lary zone. Normally, these types of soils retain a high moisture content after wetting
(or submergence) and are likely to have low air permeabilhies. The high vacuum
liquid ring blower can have the effect, over time, of evaporating excess moisture from
the soil above the water table in the vicinity of the extraction well. The reduction in
moisture content leads to shrinkage in plastic soils, which may lead to the formation
of fractures, producing an increased air permeability and greater air flows. This, in
turn, can accelerate the removal of volatile contaminants and increase the zone over
which removal effectively occurs, as shown in Figure 0-2.

The submersible pump of the proposed system would be used to depress the water
table in the vicinity of the extraction well to increase the zone that could be affected
by the high vacuum. Depending on groundwater conditions, the submersible pump
could potentially only need to be operated during wintertime, high water table condi-
tions, and may not need to be used during the summer (refer to Figure 0-3).

Discussion and Recommendations

The applicability of a dual-plase approach is based on site characteristics that make
conventional soil vapor extraction and groundwater pumping difficult techniques to
achieve adequate contaminant removal. The fine-grained nature of the soil in this
zone is expected to have very low hydraulic conductivities, which could lead to
unacceptably low pumping rates during the 6 months or so that this zone is saturated
and could be pumped. The seasonal wetting of the soil is likely to maintain soil con-
ditions such that the air permeability will be limited by high levels of soil, saturation.
For both water and air pumping systems, the soil may have unfavorable air and water
flow characteristics unless measures are implemented to improve the soil permeabil-
ity.

For a dual-phase system to be designed to achieve its cleanup objectives, specific data
will be needed on the contamination extent in the zone to be treated and certain
physical properties of the soil. Each well is likely to be effective in a relatively limited
zone, possibly on the order of one to two times the depth of embedment of the well
in the fine-grained unit. For this reason, some intormation on areas of contaminant
concentration would permit the more effective placement of dual-phase wells. In
terms of physical properties of the soil, the feasibility of the dual-phase approach
hinges on the ability of the soil to sustain air flow, which may require that the soil be
modified through the application of a high vacuum or other means. The degree to
which an adequate effective air permeability can be established will influence the
feasibility of this approach to remove volatile contaminants.
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Additional Soil Gas Sampling Recommendations

Recommended soil gas sampling locations necessary to support the design of a
dual-phase systL.m are presented in Figure 0-4. Three samples are recommended to
be Laken from the northeast quarter of the site because this is a suspected source
area of VOCs. One sample (P5) is recommended near the location of former leaky
underground tanks where significant diesel contamination is already known to exist.
All of the samples would be taken from piezometers that have already been con-
structed. The screened intervals that should be used when taking the samples are
summarized in Figure 0-4. The construction details of the piezometers are presented
in Appendix S, Well Construction Data, of this report. The results of soil gas analy-
ses should be used to estimate the mass of contaminants in the intermittent capillary
zone and to evaluate the value of a focused dual-phase system contaminant removal
program in the zone.

Recommended Dual-Phase System Pilot Tests

The key physical performance characteristic of the soil to evaluate its suitability for
dual-phase extraction is the tendency of the soil to shrink in volume upon removal of
moisture. This characteristic would indicate the likelihood that sufficient air flow
could be produced in soils that are currently saturated, following the "development" of
these wells with a high vacuum. Figure O-5 conceptually illustrates the flow improve-
ment over time that might be expected because of the application of a high vacuum
system.

Existing Extraction Well EW-IB could be used to evaluate this characteristic. This
well is ideally suited for duai-phase testing because of its long 60-ioot screened
interval, which covers the zone of seasonal water table fluctuation. Testing is
recommended at the well to estimate the magnitude of flow improvement that can be
aCiieved by applying a high vacuum. A vacuum pump capable of pulling 20 scfm at
25 inches of mercury should be used during the testing. The initial flow rate (Q,)
should be measured as well as developed flow rates (Q,) at periodic time intervals.
An automated continuous data logger could be used to record the flow data. The
ratio of QIQo should be plotted as a function of time. The test should be terminated
when the ratio QJ/Q,, becomes constant. The final QJiQ,, ratio provides a measure of
the amount of flow improvement achievable in the soil for a given applied vacuum.

Offgas emissions generated during the pilot testing also need to be sampled. In all
likelihood the airstream will be contaminated and depending on the levels detected in
the sampling a small offgas treatment unit (i.e., carbon canisters) may need to be
added to the pilot test. It is anticipated that the pilot test Mill not take longer than
10 days to complete, based on previous experience.
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Summary

In summary, a dual-phase extraction system may be the best solution for removing
VOC contaminants from the zone of seasonal water table fluctuation at the Davis Site
(40 to 70 feet bgs). By virtue of its ability to dewater this 7one. and also improve the
soil airflow characteristics, dual-phase extraction potentially offers some real advan-
tages over standard soil vapor extraction or groundwater extraction.

Additional data are required on the nature of contamination and physical soil proper-
ties within the zone of seasonal water table fluctuation before final conclusions can be
made regarding the potential itsefulness of a dual-phase extraction system. Specifi-
caily, soil gas sampling to be conducted to estimate the extent of contamination, and
pilot testing needs to be conducted to estimate the amount of flow improvement that
is obtainable from tme soil in the intermittent capillary zone. Once these data are
obtained, the necessity of a dual-phase system can be evaluated, and a final
dual-phase system design can be developed, if netded.
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TECHNICAL MEMORANDUM P "fMHILL

PREPARED FOR: Davis RI/FS Report

PREPARED BY: Artemis AntipasiCH2M HILL Seaxte

DATE: September 9. 1993

SUBJECT: Data Validation
Davis Global Communications Site
Delivery Order No. 5055

PROJECT: SAC28722,.55. 18

Furpose and Scope

This technical memorandum stmmaiizes the analytical mcrods. descrities the data
validation methodology and the contents of data validatio reports. and provides an
overall assessment of the data. The entire dz'ta vaiidaticm pvackage is available ulon
request from CH2M HILL.

Approach

Analytical Methodology

The analytical parameters and methods used are listed i Table P-1.

'ruble P- I
Analytical Parameters and Meth(od

Parameter

Toxicity Characteristics feaching Procedure (TC! P)

TCLP volatiles CLP

SPurgeahle halocarthnibromatts 1") ,40)

Scmivolatiles CLP?

Metals (C?

-,Total petrn,cum hvdrocarhon.s 4t, I

Total fuel hvdrocarb)ns (diesce) Ca Lut twdificd 8015)

Percent moisture .*STM 12216

Bulk density- AS %#o. 9.1)-"2

Air volatiles To-14

Atmospheric ea.m, AST* D 741J6
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Volatiles, semivolatiles, and metals were analyzed using the Environmental Protection
Agency (EPA) Contract Laboratory Program (CLP) protocols (EPA 1990 CLP
Statement of Work). For the parameters that are not covered under the EPA CLP
protocols the standard methods referenced in Table P-i were used. The quality
assurance/quality control (QA/QC) methodology implemented for the non-CLP
parameters was based on the quality assurance project plan.

The laboratories that carried out the analyses in addition to having CLP capability are
state certified. The data have been reviewed outside the laboratories to ensure that the
above-noted specifications were implemented for each sample and parameter. The
data validation process is described in more detail in the following paragraphs.

Data Validation

Data have been reviewed at the laboratory as well as outside the laboratory by an inde-
pendent chemist for conformance to the above-noted analytical protocols.

The data validation was carried out in accordance with EPA Functional Guidelines.
Individual data validation reports have been prepared for each specific sample delivery
group (SDG) and each specific parameter. The laboratory groups samples into SDGs;
the samples in an SDG have common QC data as they are run consecutively. The
individual reports were subsectioned according to the table of contents for the EPA
Functional Guidelines. Each section detailed protocol deviations if any. The
subsections summarized the outliers, if any, with the following minimum information:

Affected sample numbers

"* ,Affected parameters

Quantitative listing of specific deviation

EPA criteria for the noted deviation

Applicable data flag per EPA guidelines

Flag description as to whether it was caused by laboratory error
(designated as "protocol" flag), matrix, or according to guidelines
("advisory" flag)

These SDG specific detailed reports are kept in project files. All the samples have
been reviewed for QC data in accordance with EPA guidelines to include checks for
proper methodology, level of OC effort (frequency of runs), and for conformance to
EPA defined quantitative control limits. Ten percent of the samples have been
checked for raw data (i.e, calculation algorithms, transcription errors, and special
identification errors). Raw data checks result in corrections, if any, as opposed to flags.
Raw data checks on 10 percent of the samples did not show any significant errors; thus,
no further raw data checks were carried out as this is cost prohibitive and technically
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not necessary because of QA planning and implementation prior to and during th'e
analyses.

Data validation flags for the specific SDGs have been summarized in tables for project
usage. The protocol flags have been entered into the database and provided in this
text. The flags originating from the !aboratory have nut been presented in the table
since the data validation flags incorporate data usage qualifications. The flags
originating from the laboratory are kept in the main database and the laboratory hard
copies. The only laboratory qualifiers included here are the designatcrs for below
detection limit values.

Sample qualifications for contamination observed in laboratory blanks have been de-
tailed in the individual report in accordance with EPA guidelines. These qualifications
have been incorporated into the data table in this tea. Qualifcations for field blank
contamination, if any, are carried out on a projectwide basis, since the field blanks do
not necessarily correspond to only the samples in the specific SDG.

Data Assessment Interpretation

Validated data have met and exceeded project quality assurance goals as described in
the quality assurance project plan. The data completeness is found to be over
95 percent. With the current state of practice in this area, this database is of high
quality and provides detailed QC information to establish reproducibility and
comparability; therefore, the data are appropriate for quantitative usage with attention
to qualifiers in data validation reports described abow-.

Accuracy and precision values as defined in the quality assurance project plan have
been summarized and included in project files along with data validation reports for
data users. This package is available upon request from CH2M HILL
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